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INTRODUCTION 
Forage is the major c0mponent in beef cow rations, 
Further increases in beef production will require more 
beef cows, which in turn, requires both increased forage 
production and economic utilization of that production, 
These are necessities if we are to meet the increasing 
demand for beef in the United States, 
The tJ, S, Department of Agriculture Economic Research 
Service (USDA-ERS, 1.972) projects that by 1980, per 
capita consumption of beef will rise to approximately 127 
pounds. 1.4 pounds above the 1970 level, The number of beef 
cows is expected to increase to 46 million head (USDA-ERS, 
1972), 9 million above the 1970 level. The USDA-ERS thus 
foresees a new era in beef production. 
From 1950 to 1970 beef production doubled, This 
large increase in production was accomplished by changing 
from dairy cattle to beef cattle as consumption of dairy 
products declined and production per cow increased, and 
by feeding a larger share of the calf crop to the 1,000-
pound slaughter weight, instead of slaughtering them as 
calves, At the present time almost all calves are being 
placed on feed. and the dairy-to-beef shift is approaching 
completion (USDA-ERS, 1972). During the seventies, thP. 
USDA-ERS predicts the major addition to the beef supply 
wilJ come from increasing beef cow numbers, and that the 
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number of beef cows in the Corn Belt will increase 37% 
during the period from 1970 to l980, with 4/5 of this 
increase occurring in Missouri and Iowa. A substantial 
increase in forage production will be required to support 
this projected increase in the number of beef cows. 
The beef industry contributes greatly to the economy 
of many states, In Iowa, 1,4 billion dollars were received 
in cash receipts (USDA-Agriculture Statistics, 1971), The 
number of beef cows in Iowa has been increasing rapidly, On 
July 1, 1972, there were 1.8 million beef cows in Iowa (Iowa 
Department of Agriculture-Crop and Livestock Reporting 
Service, 1972). This was up 13% from the previous year, 
and more than double the 1960 figure, Much of this increase 
is occurring in areas of the state that have lagged in 
economic development. A substantial increase in pasture 
productivity, with an accompanying increase in beef cow 
numbers can further stimulate the economic development of 
these areas, 
Of the 33.7 million acres of land in Iowa farms in 
1971, about 21%, or 7 million acres were in pasture (Iowa 
Department of Agriculture-Crop and Livestock Reporting 
Service, 1971) area has been improved through the estab-
lishment of more productive species and the use of 
fertilizer. There is a great potential for increasing 
the productivity of much of this unimproved pasture, 
Establishment of a legume-grass mixture is an effective 
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and economical way of increasing pasture productivity, The 
legume can supply nitrogen (N) for the grass and thereby 
the quality and palatability of the forage is improved, 
Production of forage is more evenly distributed throughout 
the grazing season, allowing more efficient utilization 
by livestock, If properly managed, legume-grass mixtures 
can substantially increase productivity, as well as 
effecting erosion and weed control, 
The Conservancy District Act and its governing body, as 
established by section 467A.4 of the Code of Iowa, sets an 
upper limit on soil loss of 1 to 5 tons of soil per 
acre per year, depending on soil type (Code of Iowa, 1971), 
Enforcement of this law may result in increased demand for 
soil-conserving crops that will contribute to the produc-
tivity of the farming operation, 
Crownvetch (Coronilla varia L,) is widely used for 
erosion control on highway back-slopes, spoil banks 
resulting from strip mining, and other areas where erosion 
poses a serious problem, Its usefulness for these purposes 
has been well documented, 
~ firm and increasing interest has developed in using 
crownvetch (CV) as a pasture legume. It possesses a num-
ber of characteristics which are generally favorable to 
erazing. It spreads by underground rhizomes, is non-
bloating, and is winter-hardy, Under Iowa condit i ons, 
Hawk and Schaller (1964) observed that •Emerald' CV 
withstood sustained grazing and showed promise as a pasture 
legume on soils too droughty for birdsfoot trefoil (Lotus 
corniculatus). Wedin, Vetter, and Fruehling (1972) studied 
the productivity and persistence of •Emerald' CV pastures 
over a 5-year period (1968-1972) at the Western Iowa 
Experimental Farm. Castana, Iowa. They reported a continued 
persistency of stand. Also, yearling steers produced from 
2.5 to 3 times more liveweight gain per acre on CV pasture 
than on unimproved pasture. 
Seasonal distribution of forage available for grazing 
is an important factor in pasture productivity, Forage 
generally is in short supply during the hot, dry, mid-
summer period. A portion of the forage acreage is normally 
harvested and reserved to provide winter feed for the beef 
cow herd, Grazing this area along with the normal pasture 
area during the mid-summer period will provide additional 
grazing during this period of short supply. Increased 
product1nn in early-spring and late-fall permits extension 
of the grazin~ season, As a result, the am011Y1t nf forae;e 
ha;>'rP~tf"n ~,...,rl ""tared for Wi"t:ter maintenance (If' +""" ['f"nf' 
"0W her~ ~8~ ~,... reduced, 
Only l i_mi ted researrh has been reported relating to 
productivity and management of CV mixtures. Such mixtures 
may show jncreased productjvity above that obtained with CV 
alone. The cool-season perennial grass would extend the 
grazing season by contributing to production during 
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early spring and late fall. With its deeper root system 
and adaptation to warmer temperatures, CV can contribute 
to production during the hot, dry, mid-summer period, 
It is commonly recognized that fertilizer N contributes 
little to the productivity of a legume-grass mixture where 
effectively nodulated legumes are present, Grass production 
is stimulated with an accompanying decrease in legume 
production, Only limited information is available relating 
to the effect of N, applied at different times during the 
growing season, on the botanical composition and seasonal 
distribution of production of the mixture, No information 
is available on whether or not N applied in late-summer may 
stimulate fall growth of the grass and yet not be detrimen-
tal to nitrogen fixation by the legume in the following 
spring. 
The primary objective of this study was to evaluate 
the yield, seasonal distribution of yield, and botanical 
composition of CV-grass mixtures under various management 
and N variables, 
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LITERATURE REVIEW 
.Crownvetch 
Morphology and growth characteristics 
This plant is named after its upright seed pods, which 
resemble a crown, and its vetch-like leaves, It resembles 
common vetch in appearance, but it is not a vetch (Vicia), 
but rather belongs to the pea family of leguminous plants, 
This legume is a long-lived perennial , which spreads 
by underground rhizomes. Its stems grow from 2 to 3 feet 
in length, but are not self-supporting, The stems are 
hollow, weak, and relatively leafy, Each leaf has 6 to 13 
pairs of leaflets, with a single leaflet at the top. The 
leaves are pinnately compound with tendrils. The roots are 
profuse and penetrate deeply, and new plants arise from 
creeping rootstalks. The flowers are variegated in color, 
ranging from white to rose or violet, They form attractive 
dense clusters in stalked umbels. This legume is highly 
self-sterile and requires cross-pollination by insects for 
seed production (Henson, 1963). The seeds are enclosed in 
cylindrical pods, 1 to 2 inches in length, and are seg-
mented with 13 to 15 seeds/pod. In flowering habit CV 
is indeterminate. Under Iowa conditions blooming begins 
in early June and continues into August if moisture condi-
tions are favorable. New growth will arise from leaf 
axillary buds after seed formation. The indeterminate 
7 
flowering habit and new vegetative growth from axillary buds, 
under favorable moisture conditions, cause problems in pro-
duction. 
Adaptation~ culture 
Hawk and Shrader (1964) reported that CV is best 
adapted to permeable, well-drained, calcareous soils, Soil 
wetness is the most critical factor in delineating where 
it will grow. They found that medium to high levels of 
phosphorus (P) and high levels of potassium (K) are 
required for rapid growth and establishment. These results 
are supported by field observations and greenhouse studies 
by McKee and Langille (1967), which indicated that CV 
required good to excellent drainage, a pH of 6.5 to 7.0, 
and high levels of P, K, calcium, and magnesium for rapid 
seedling growth and stand persistence. 
This legume is a native of the Mediterranean areas of 
Europe, Asia minor, and Africa. Ecologically it is xero-
thermic, i. e., adapted to warm, dry areas. McKee (1964) 
suggested that CV is quite shade-tolerant, since in Europe 
it is associated with oak, pine, and fir woodlands, In 
the United States it appears to be well adapted to areas 
east and north of Oklahoma City, Oklahoma (Henson, 1963). 
In a study of the early growth of CV under conditions 
of reduced light, Langille and McKee (1970) found root 
growth was affected to a greater extent than top growth. 
They concluded that although severe shading adversely 
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affected CV, it appeared to have some shade tolerance, and 
establishment problems· apparently are not due to shading. 
While its soil adaptation is similar to that of 
alfalfa (Medj,cago sativa~, establishment problems are like 
those encountered with birdsfoot trefoil (Lotus corniculatus). 
Seedlings of CV are relatively slow in establishing • In 
greenhouse studies, Hawk and Scholl (1961) found improved 
seedling emergence for seed treated with the fungicides 
Tharain or Captan. 
Competition from other species must be controlled 
during the seedling stage. Hawk and Schaller (1964) 
reported that if an oat (Avena sativa) companion crop is 
used it should be grazed or clipped to control competition. 
VanKeuren (1968) also found that CV is very sensitive to 
competition during establishment, and he recommended for 
seedings with grass for forage , bluegrass (~ pratensis) 
or timothy (Phleum pratensis) would be preferable to more 
competitive grasses such as orchardgrass (Dactylis 
glomerata) or tall fescue (Festuca arundinacea), In 
unharvested areas, such as road bank slopes, CV will 
eventually become dominant over very competitive grasses 
and weeds, 
High-quality CV seed may contain up to 35% hard seed 
and must be scarified before planting. A special strain 
of Rhizobium is required for CV inoculation. Recommended 
seeding rates vary from 5 to 20 lb per acre and are 
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generally in the range of 10 lb/A. In controlled 
environmental chamber studies, Henderlong and Lederer {1968) 
found the optimum temperature range for CV germination is 
from 59 to 80° F at a seeding depth of about i inch. 
However, at lower temperatures {50 to 59° F), surface 
placement resulted in better germination, and at higher 
temperatures {80 to 90° F), better germination was obtained 
at a depth of lt inches. They also reported that a stand 
with at least three plants per square foot, in the spring, 
was adequate for near maximum forage yields. 
Soil stabilization 
Fo~ slope stabilization and erosion control, CV is 
used in many parts of the United States. Musser, Hotten-
stein, and Stanford {1954) reported the successful use of 
CV for road slope stabilization in Pennsylvania. It 
was also reported to be useful for highway slope stabiliza-
tion in the Piedmont upland of Georgia (Richardson, Diseker, 
and Hendrickson, 1963). Thin stands soon filled in as 
additional growth developed from underground rhizomes and 
seeds, Light-pink flowers and ·thick cover contributed to 
roadside beautification. Dudeck and Young (1970) reported 
that CV became established after one growing season on 
roadside backslopes in eastern Nebraska, and the seeded area 
increased in size and did not require maintenance. 
For the establishment of stabilizing cover on strip-
mined areas, CV is also useful. Ruffner (1964) observed 
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that it was superior to other legumes in providing stab-
ilizing cover on strip-mine spoils in West Virginia and 
Pennsylvania. These sites had pH values above 5.5. The 
value of CV in providing cover and controlling erosion on 
steep highway banks, strip-mine spoils, and other problem 
areas has been well documented, 
Palatability 
Recently interest has developed in the use of CV as 
a forage legume. Interest in its use as a forage was 
delayed somewhat due to a number of reports suggesting its 
unpalatability, with toxicity also mentioned in some 
instances. 
In a popular bulletin, Musser, Hottenstein, and 
Stanford (1954) reported that CV is unpalatable, and 
attributed this to its bitter taste. Cassady (1968) analyzed 
•Penngift• CV and found cardiac glycosides in extracts 
from seed and the whole plant at the full-bloom and seed-
pod growth stages. These compounds were lethal to mice 
when ingested in high concentrations. No reports of 
animal losses in forage-consuming livestock, due to CV, 
were found in the literature. 
Henson (1963) reported the tannin content in selected 
CV plants ranged from 2 to 11%. •Penngift•, •Chemung•, and 
•Emerald' CV were analyzed for tannin content by Burns, 
Henson, and Cummins (1967). They reported tannin 
contents ranging from 3.2 to 3.8%. Langille and McKee 
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(1970) reported somewhat lower values ranging from 1.15 to 
2.80%, and found that the tannin content of CV did not vary 
significantly due to year or sampling date under various 
defoliation treatments. The tannin content of CV is less 
than half that of sericea lespedeza (Lespedeza stipulacea) 
which is normally found to contain 7 to 8% tannin. Accord-
ing to Donnelly and Anthony (1970), tannin affects palata-
bility and animal performance in sericea. Burns et al. 
(1967) reported that the tannin of CV is less reactive 
to iron and less astringent than that of sericea. They 
concluded that tannin contents of the magnitude found in 
CV should not affect intake and animal performance. This 
conclusion is further supported by a study (Reid, Jung, 
Thomas, 1968) in which they compared the preference of 
yearling wether sheep for three CV varieties (Chemung, 
Emerald, and Penngift) and •Ve~kl' alfalfa. These forages 
were all harvested on the same date, at the bloom stage 
of growth, and fed to sheep in a preference trial. The 
sheep showed about the same degree of preference for the 
•Chemung• CV and •Vernal' alfalfa, with declining preference 
for •Penngift' and •Emerald', respectively. Alfalfa is 
generally earlier in maturity than CV and this experiment 
may not have been a true comparison of preference at a 
similar stage of maturity. 
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Nutritive value 
Reports vary with respect to the nutritional value 
of CV. Reid et al. (196A) also s tudied the diees t ibility 
and intake of three CV varieties (Chemung, Emerald, and 
Penngift) and •Vernal' alfalfa, using yearling wethers and 
Ayrshire heifers. •Chemung• was significantly higher 
(P < 0.05) in dry matter (DM) and protein digestibility 
than the other CV varieties and alfalfa harvested on the 
same date. •Chemung• was similar to early-cut alfalfa in 
DM and protein digestibility. However, there was no 
significant difference in intake for the first cutting of 
the three CV varieties. The intake of CV tended to be 
lower than that of alfalfa with a similar digestibility. 
They also compared two regrowth harvests from the three 
CV varieties and alfalfa. The CV from regrowth harvests 
had a high protein and DM digestibility, with little 
difference between harvests. Intake of CV was found to 
be similar to that of alfalfa harvested on the same date, 
except for the second regrowth cutting of •Emerald•, 
which was 5 to 6% lower in digestibility and. hruFa .lower 
intake than •Chemung• and •Penngift•. They continued the 
experiment a second year, but did not include alfalfa for 
comparison. These results indicated a much lower digest-
ibility and intake for all CV varieties in comparison to 
the previous year. No adequate explanation could be given 
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for the lower values. The data from both years indicated 
that •Emerald• CV was lower in overall nutritive quality 
than the other two varieties. There were only minor 
differences in protein content between the two years, but 
the forage harvested during the second year was higher in 
lignin, acid-detergent fiber, and cell wall components 
for both the first cutting and regrowth. They concluded 
that the difference in animal performance observed between 
the 2 years could be accounted for in terms of the struc-
tural composition of the plant and was probably not due 
to the existence of an unidentified toxic compound, 
Bratzler (1968) determined the nutritive value and 
intake of artificially dried CV and CV silage in a conven-
tional digestion trial with sheep. He reported that 
intake and nutritive value (based on digestible DM and 
energy) were below what is normally expected of excellent 
quality forage. These results are not in agreement with 
a study to determine gross energy digestibility and volun-
tary consumption, as reported by Reynolds et al. (1967). 
Sheep were fed chopped, frozen CV, cut in the early-bloom 
stage. They concluded that these values compared favor-
ably with those established for dried alfalfa, birdsfoot 
trefoil, and red clover (Trifolium pratense)harvested at 
the same stage of development. In a later study Reynolds, 
Jackson, and Henson (1969) compared early-cut CV and alfalfa 
hay of simi l ar chemical composition in a feeding trial 
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with sheep. They found that the sheep gained significantly 
less (P < 0,01) on CV. This weight gain was attributed 
to both a lower intake and digestibility of CV. They 
reported that the difference in digestibility was not 
related to the extent of lignification of lignocellulose. 
More favorable results relating to the nutritive value 
of CV have been reported in studies with beef and dairy 
cattle. Based on a 2- year study of the performance of 
beef cattle on CV pasture in the Piedmont and mountain 
regions of North Carolina, Burns et al. (1969) reported 
acceptable animal performance. Animals grazing CV gained 
an average of 1.28, 0.91, and 2,00 lb per day for 2 year-
old steers, cows, and calves, respectively. It produced 
more forage during July and August than tall fescue and 
Ladino clover. There was no evidence of loss of stand 
during the study, They suggested that CV could be used 
for continuous grazing or for accumulating growth for use 
during the mid-summer period of low forage production. 
Burns, I'l!ochrie, and Cope ( 1972) studied the response of 
dairy heifers fed CV, sericea lespedeza, and alfalfa hay. 
The resulting daily gains were 2.16, 1.43, and 1.08 lb, 
respectively, They also reported that the gains from CV 
agreed with expectations based on both intake and plant 
composition, and that CV possessed the nutritional potential 
of a gooa livestock feed, 
In summarizing the research reported in the proceedings 
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of the Second Crownvetch Symposim, held at Pennsylvania 
State University, Baylor (1968) stated that the data pre-
sented generally indicated CV is similar in feeding quality 
to commonly used perennial legumes and also has produced 
similar liveweight gains in beef and sheep. 
Persistence ~ productivity under grazing 
Generally, CV has been found to persist under 
grazing, but is not as productive as N~ertilized 
grasses. YanKeuren (1968) observed that good stands of 
•Emerald• CV were maintained for 5 years under lenient 
grazing by beef cows on a well-drained Vandalia silty 
clay loam in southeastern Ohio. He reported that 
•Emerald• CV averaged only 134 grazing days per acre 
compared to 233 for •Kentucky 31' tall fescue and 222 
for •Potomac• orchardgrass. The grasses received 67 lb 
of N per acre. Wedin, Vetter, and Fruehling (1972) 
studied the productivity and persistence of •Emerald• 
CV pasture under two grazing pressures at the Western 
Iowa Experimental Farm. Alternate grazing was used 
with intervals ranging from 21 to 42 days. Results from 
this 5 year study indicated an average liveweight gain 
per acre of 259 and 290 lb per acre for moderate and 
heavy grazing pressure, respectively, and an average 
daily gain of 1.66 and 1.41 lb, respectively for the two 
grazing ~ressures. The grazing season generally lasted 
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from June through the middle of September. Stocking rates 
used in the study ranged from 1.25 to 1.75 steers per 
acre, They reported that plant counts were significantly 
higher (P < 0.05) under the moderate grazing pressure 
as compared to the heavy grazing pressure. They concluded 
that the stand had persisted during the 5 years of 
grazing , and that yearling steers produced from two and 
one-half to three times more liveweight gain/A on -CV 
pasture than on unimproved pasture. 
Legume-Grass Mixtures 
Productivity 
There are a number of important reasons for 
considering a legume-grass mixture. Roberts and Olson 
(1942), Aberg, Johnson, and Wilsie (1943), McCloud and 
Matt (1953), and Wagner (1954b) all reported higher yields 
from legume-grass mixtures than from the individual 
components grown in pure stand, The amount of N 
necessary to obtain grass yields comparable to those 
obtained from mixtures varies with the species and 
location. Alexander and McCloud (1962), as well as 
Carter and Scholl {1962), reported that pure stands 
of orchardgrass required about 240 lb N/A to 
equal the yield obtained from an alfalfa-orchardgrass 
mixture. Ahlgren (1948) stated that aside from the 
use of N fertilizer, the greatest success in the 
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~rnprovement of permanent pastures has resulted from 
practices that establish legumes and superior grasses. 
This statement is still applicable today, Blaser et al. 
(1956) reported that continued emphasis should be placed 
on the use of legumes in forage production, because they 
increase liveweight gains and provide a cheap source of 
N. In view of the recent short supply and rising cost 
of N this is an important reason for the use of legume-
grass mixtures. 
Wagner (1954a) reported that legume-grass mixtures 
generally have a more uniform seasonal distribution 
of production, and contain less weeds than a pure stand 
of the individual components. A mixture should contribute 
to a more efficient utilization of available environmental 
factors. Since the conditions for optimum growth of the 
legume and grass are different, they should more efficiently 
utilize available light, nutrients, and moisture. 
The deeper-rooted legume is better adapted to use moisture 
from deeper levels of the soil and to provide some growth 
during the hot, dry, mid-summer period, Schmidt and 
Tenpas (1965) found that rainfall distribution was a 
more important factor affecting the production of N-
fertilized grasses than legume-grass mixtures, but N-
fertilized grasses produced more growth during the mid-
su~~er period if moisture was adequate. They observed 
that high rates of N reduced the survival of orchardgrass 
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and timothy, but had little effect on bromegrass (Bromus 
inermis). 
The use of a legume-grass mixture is not without 
problems. They are more difficult to manage for maximum 
production and maintenance of species in the mixture. 
Very little information is available on CV-grass 
mixtures. Based on 1 year's data, Washko (1964) in 
Pennsylvania reported a yield of 5.73 tons DM/A 
for a •Chemung' CV-orchardgrass mixture harvested three 
times. He also reported DM yields of 4.92 and 3,05 tons 
per acre for •Penngift• CV in combination with orchard-
grass and smooth bromegrass, respectively, At Beltsville, 
Maryland, Decker and Retzer (1968) sod-seeded •Emerald' 
CV in a permanent Kentucky bluegrass pasture located on 
a well-drained Beltsville silt loam. The sod-seeded 
CV yielded substantially more than sod-seeded birdsfoot 
trefoil, and was found to nearly equal the yield of 
bluegrass fertilized with 200 lb N/A. 
Management 
In managing a single species or a mixture, the 
effect of management on total yield, quality of yield, 
and persistence must be taken into consideration. It 
is generally recognized that severe and frequent de-
foliation results in declining yield and loss of stand 
in most grasses and legumes. Hendrick (1958) observed 
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that the consequences of overgrazing first appears in 
the roots and later appears as reduced vigor of top 
growth, 
In reviewing the literature on total available 
carbohydrates in grasses Weinmann~ (1961) reported that 
in most species of grasses reserve carbohydrates 
decreased in concentration and amount during the formation 
of new shoots, with the largest decrease occurring in the 
spring, Reserve carbohydrates increased during matura-
tion. He further stated that the amount of reserve 
carbohydrates is reduced under defoliation, with the 
extent of reduction increasing with severity of defolia-
tion. May (1960) reported that the effects of repeated 
defoliation are cumulative, and that the greater the 
frequency and intensity of defoliation, the larger the 
reduction in reserve carbohydrates. He also reported 
that changes in reserve carbohydrates in legumes in 
relation to growth stage, season, and defoliation are 
similar to those in grasses, except that fall defoliation 
is more critical in the survival of legumes. Although 
high levels of reserve carbohydrates appear to contribute 
to rapid rates of regrowth and winter survivial, there 
are other factors involved. 
Bronson (1953), Teel and Smith (1962), Jameson 
(1963), Sheard and Winch (1966), and Nielsen, Drolsom, 
and Voigt (1969) all reported that persistence of the 
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grass is influenced by the stage of development at the 
first harvest. Cutting most grasses during the stem-
elongation phase prior to anthesis can reduce vigor 
and chances for survival of the grass, as compared to 
cutting either prior to stem-elongation or after anthesis. 
Low carbohydrate reserves and inactivity of basal buds 
contribute to the poor recovery of grasses harvested 
during stem elongation according to Reynolds and Smith 
(1962) and Paulsen and Smith (1969). Newman and Smith 
(1972) reported that bromegrass accumulates most of its 
reserve carbohydrates between anthesis and the dough 
stage, Removal of the shoot apex before the initiation 
of new basal buds in bromegrass can result in a large 
reduction in vigor and stand. They stated that in 
most other grasses vegetative bud initiation and shoot 
elongation overlap, and consequently are not as severely 
affected. 
Either severity of defoliation or height of cutting 
can also affect the persistence of grass. Lawrence and 
Ashford (1969) reported that cutting at a higher stubble 
height resulted in a reduction in DM yield of bromegrass , 
reed canarygrass (Phalaris arundinacea), and intermediate 
wheatgrass (Agropyron intermedium), however, the higher 
cutting height was deemed necessary for the maintenance 
of productive stands, and in the long-run, greater 
production, 
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Temperature at the time of defoliation and regrowth 
appears to affect the vigor and persistence of grass 
stands, Knievel, Jacques, and Smith (1971) conducted a 
growth chamber study on the influence of temperature on 
rate of regrowth and tillering of timothy. They found that 
warm temperatures (J2° C day/24° C night) reduced herbage 
growth rate and tillering following defoliation at all 
the growth stages and stubble heights included in the 
study, However, at cool temperatures (18° C day/10° C 
night), cutting at 4 em as compared to 12-cm stubble 
height resulted in lower herbage growth rate only when cut 
at the tillering stage of development. Under field condi-
tions, they found that stand persistence of timothy and 
smooth bromegrass were not affected by stubble height when 
the first harvest was at early anthesis. Higher yields 
were obtained from the 4 em than the 10-cm stubble height. 
Thus, it appears that the most critical factor relating 
to persistence and yield of the grass component of a 
mixture is the stage of development during the first 
harvest. 
In reviewing the literature, Newman and Smith (1972) 
concluded that the yield and persistence of grass in a 
mixture is favored by the following factorsz cool 
temperatures, high light intensity, N fertilizer, 
adequate moisture, harvesting at a mature stage of 
development, and long recovery periods between successive 
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harvests. Maximum grass yields are generally obtained 
when the first harvest is at early anthesis. However, 
for pasture it is often desirable to graze before the 
stem-elongation phase of development to provide early 
grazing, promote more efficient utilization, and reduce 
competition against the legume from early grass growth. 
Little information is available pertaining to the 
management of CV-grass mixtures. The maximum yield of 
CV is generally obtained with two harvests per season. 
Seim (1966) studied the effect of clipping height and 
frequency on the DM yield and composition of CV in 
a pure stand. Maximum yield was obtained with two 
harvests per year. He reported that the mean crude protein 
ranged from 11.7% with one harvest a year to 24.0% for 
six harvests per year. Corresponding values for in vitro 
DM digestibility were 51.4% and 70.0%, respectively. 
Two cutting heights were used in the study {2 and 6 
inches). The 2-inch height produced the highest yield 
during the first year, but the 6-inch height yielded more 
the second year. He also studied the effect of cutting 
height and frequency on root carbohydrate reserves, and 
found that at the end of the first year neither had a 
significant effect. However a reduction in vigor was 
noted the following year in plants cut at the 2-inch 
height. Wilkinson, et al. {1968) reported that two 
harvests per season resulted in the highest DM yield, and 
23 
also the highest digestible DM yield, He observed that 
recovery from clipping was slow, and that very little 
regrowth occurred after an early August harvest. 
VanKeuren (1964) suggested that CV should not be 
grazed below 3 inches. Contrary to alfalfa, where most 
new growth developed from crown buds at or near the 
soil surface, CV regrowth originates mostly from 
axillary buds and recovery is slowed by close defoliation. 
Langille and McKee (1970) studied the effect of 
clipping on the carbohydrate reserves of CV. In the uncut 
plant, root carbohydrates decreased from 18 to 11% as 
early spring growth occurred. Root reserves remained at 
this level through May and June before increasing to 
15% at the mid-bloom stage of development. It then 
dropped to 12% at full bloom before increasing to a 
seasonal high of 28% late in the season. These trends 
are similar to those reported for alfalfa by Smith (1962), 
Langille and McKee (1970) also found that summer defolia-
tion caused a 2-to 3-week lag in root reserve buildup to 
that in unharvested plants, In contrast, September and 
October defoliation resulted in carbohydrate reserve trends 
in CV plants similar to that in unharvested plants. 
They concluded that CV becomes dormant relatively early 
in the fall and consequently was able to enter the winter 
with relatively high carbohydrate reserves under fall 
defoliation, In contrast alfalfa, which produces 
24 
considerable regrowth in the fall, is severely injured 
by fall defoliation without an adequate recovery period 
to restore reserve carbohydrates. Sharp (1964) observed 
that clipping CV in the fall after dormancy did not 
affect regrowth the following year. Thus, it would appear 
that CV may be more tolerant to fall grazing and allow 
more efficient utilization of the fall growth of grass 
in a mixture. 
Temperature can have a profound effect on the succes-
sion of species in a mixture. Blaser, Skrdla, and Taylor 
(1952) suggested that cool-season grasses are very competi-
tive with legumes in the early spring. Grasses start 
growing earlier than the legume, which requires higher 
temperatures for growth. They reported that during the 
short photoperiods which occur in the spring and fall 
the leaves of many cool-season grasses are short and 
prostrate in growth habit. The leaves grow longer and 
more erect as the photoperiod increases. This early, dense 
growth of grass reduces the amount of light available to 
the legume when the temperature reaches a level favorable 
to legume growth. Unless this early growth of grass is 
removed it can severely limit legume growth. This is 
supported by work of Blake, Chamblee, and Woodhouse (1966) 
on the influence of environment and management factors 
on a 'Ladino' clover (Trifolium repense)-orchardgrass 
mixture. They concluded that orchardgrass was very 
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competitive for light and consequently, ~anagement practices 
which ~event orchardgrass from forming a dense canopy 
would be more favorable to growth of clover. 
The amount of moisture available to the plant can 
influence the effect of var i ous management practices. Ward 
et al. (1966) studied the effect of cutting management on 
the botanical composition of irrigated orchardgrass-clover 
and bluegrass-clover swards and found that either allowing 
the grass to grow taller or cutting to a higher stubble 
height reduced the amount of clover. They suggested that 
rapid regrowth promoted by irrigation may result in a 
depletion of carbohydrate reserves under frequent defoli-
ation and consequently defoliation frequency should not 
be increased under irrigation or during a wet season. In 
summarizing the effects of moisture and temperature on 
carbohydrate reserves, May (1960) stated that in general 
they varied inversely with moisture level and at a given 
moisture level, they varied inversely with temperature. 
It appears t.ha t controlling early growth of grass 
would be an important factor contributing to the persistence 
and productivity of CV grown in association with a competi-
tive cool-season grass. 
Effect of nitrogen 
Donald (1963) stated that plants compete for five 
factorsc light, water, nutrients, oxygen, and carbon dioxide. 
Only two of them lend themselves readily to control by 
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management. These are light and nutrients. The amount 
of light reaching the components of a legume-grass mixture 
can be controlled by defoliation. The effects of 
defoliation were discussed earlier. 
Nutrients, as they relate to the effect of N 
fertilizer, will be discussed here. The application 
of N to a legume-grass mixture containing a good stand 
of effectively nodulated legume is generally c·onsidered 
uneconomic. Robinson and Sprague (1947), Linehan and 
Lowe (1960), Peterson and Bendixen (1961), and Newman 
and Smith (1972) found that application of N results in 
an increase in grass production at the expense of the 
legume component. The sequence of events that lead to 
dominance of the sward by grass are clearly pointed out 
by the results of a greenhouse study by Stern and Donald 
(1962) in which they measured changes over time caused by N 
on DM yield of the components, leaf area index (LAI) of 
~ass above clover, and light intensity at the surface 
of the legume for a subterranean clover (Trifolium 
subterraneum)-ryegrass (Lolium perenne) sward. They 
reported the following results& (1) yield of grass 
increased with increasing rates of N, (2) the LAI of 
the grass ·above the clover increased as a result of 
increased grass yield, (3) this in turn resulted in a 
decrease in light intensity at the surface of the legume, 
and (4) the end result brought a decrease in yield of 
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clover. 
The trend toward grass dominance ~y be controlled 
to some extent through clipping or grazing management. 
Sprague and Garber (1950) reported that clipping to 2 
inches when the first crop and subsequent growth reached 
8 to 10 inches in height maintained stands of clover 
in orchardgrass-•Ladino• clover and bromegrass-tLadino• 
clover mixtures fertilized with N. 
The seasonal distribution of production is an 
important factor contributing to efficient utilization 
of forage by the grazing animal. Forage is frequently 
in short supply during the hot, dry, mid-summer period, 
Extending the grazing season can lower the amount of 
forage that must be harvested for winter rations. 
Wagner (1954a) reported that the application of N to a 
legume-grass mixture may be useful in extending the grazing 
season into early spring and late fall. Martin (1960) 
reported that most cool-season grass species begin growing 
at approximately 42° F, and that the supply of N available 
to the grass may be inadequate during this period,, There is 
some evidence of a limited response to early-spring applied 
N. Templeton and Taylor (1966a) studied the effect of N 
on a tall fescue-clover sward over a 4-year period at 
Lexington, Kentucky. Rates of 30, 60, 120, and 240 lb per 
acre applied in March did not increase the total production 
of the mixture. However, spring production was increased in 
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three of the four years, while the unfertilized forage 
produced higher yields later in the season, A more uniform 
seasonal distribution of production was obtained by applying 
N either in August or in split applications, but they con-
cluded that this did not solve the problem of low production 
during the late-summer and fall period. 
In a report on the effect of N on botanical composition, 
Templeton and Taylor (1966b) reported that spring-applied 
N caused a larger reduction in the clover component of the 
mixture, as compared to N applied later in the growing 
season. Alexander and McCloud (1962) found little benefit 
from early application of N or split applications on the 
yield of orchardgrass-alfalfa, orchardgrass-'Ladino' clover, 
and tall fescue-'Ladino•clover mixtures during a 4-year 
study at Beltsville, Maryland. Newman and Smith (1972) 
reported that N applied to alfalfa-grass mixtures resulted 
in a significant increase in yield, but it was too small 
to be of economic importance. They suggested that a fall 
application of N may be useful in promoting grass growth 
during the cool autumn period. 
Although the application of N fertilizer to a legume-
grass mixture may not result in a substantial increase in 
yield, it seems plausible that it may be useful in extend-
ing the grazing season and promoting a more optimum 
seasonal distribution of yield, 
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MATERIALS AND ~IIETHODS 
Background of Experiment 
Experimental site 
The experiment was conducted at the Western Iowa Experi-
mental Farm near Castana, Iowa, located in the Monona-Ida-
Hamburg soil association area, covering approximately 0.75 
million ha in western Iowa. The site is typical of large 
areas in western Iowa commonly used for pasture and forage 
production, and it appeared to be well-suited for CV produc-
tion. The specific site location is in an Ida-Monona transi-
tion zone, containing both Ida silt loam and Monona silt 
loam, located near the crest of a hill with a 2 to 5% east-
facing slope. Both of these soils are upland soils and are 
well-drained. The Ida soils are calcareous throughout the 
profile and are generally more eroded and less fertile than 
the Monona soils (Oschwald et al. 1965}. Ida soils are 
located on slopes ranging from 6 to JO%, with 10 to 20% be-
ing the most common. Monona soils, in turn, are generally 
located on slopes of 5 to 14%, but may be found on slopes 
ranging from 1 to JO%. Further information relating to the 
soil type is included in a following section on fertility. 
Experimental design and variables 
The experimental design used was a split-split plot 
variation of the randomized complete block design with four 
replications. The main plots consist of two management 
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treatments, which were assigned randomly to each replication. 
These main plots were split into six equal areas and random-
ly assigned six N variables. Each of these sub-units were 
in turn split into four equal areas and randomly assigned 
the four grass species studied. 
The main plot variable consists of two cutting manage-
ments. The harvesting schedules for the two managements 
studied are depicted in Figure 1. Management I (MGT I) 
was harvested four times during the growing season, The 
first and fourth harvests were intended to simulate the 
harvesting of larger quantities of forage which would 
be held as a reserve, likely in hay form. The second and 
third harvests were used to simulate mid-summer grazing. 
This management was intended to simulate a situation where 
the forage produced would be used for reserve such as hay 
and to provide some mid-summer grazing when pasture is 
normally in short supply. 
Man~gement II (MGT II) was harvested six times during 
the growing season and was intended to simulate pasturing 
throughout. In this instance, the CV-grass pastures 
would be grazed at six times during the season. An alter-
nate grazing management for CV had been earlier shown to 
be conducive to stand maintenance (Seim 1966, Wedin et al. 
1972). 
The first split-plot variable included six N treatments. 
A control received no N application, while five treatments 
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MGT I 
6, 13 7 19 8, 15 10/1 6 
MGT II 
5 16 6, 13 7 19 8 15 9/15 10/1 6 
Figure 1. Harvesting schedule for Management I (MGT I) and 
II (MGT II). Vertical lines depict dates of har-
vest during the 1972 growing season, 
received one N application during the growing season. The 
five N applications consisted of two rates of N in the 
spring and three rates of late-summer application. These 
N treatments were included to study the effect of N 
applied at different times of the year on yield, botanical 
composition, and seasonal distribution of yield, 
Ammonium nitrate was used as the source of N. The 
two, spring-N treatments consisted of 67 and 134 kg/ha on 
April 13, 1972. The three, late-summer N treatments were 
applied after the harvest on August 15, 1972, and consisted 
of 67, 134, and 269 kg/ha. All N treatments were applied 
by hand, spreading the ammonium nitrate on the four species 
in a sub-unit designated to receive a specific rate. 
Four, commonly used, perennial cool-season grasses 
made up the final variable included in the experiment. 
Reed canarygrass (Phalaris arundinacea), tall fescue 
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Festuca arundinacea), orchardgrass (Dactylis glomerata), 
and smooth bromegrass (Bromus inermis) were grown individu-
ally with crownvet.ch ( Coronilla varia), in plots 1. 83 
by 3.04 m (6 by 10 feet) in size. There was a total of 192 
plots in the experiment, and they were orientated perpen-
dicula~ to the slope. The total experiment covered an area 
22 , 8 by 54.5 m (75 by 179 feet). 
Fertility 
The experimental area was used for soybean (Glycine 
~) during the year preceding CV-grass establishment , 
Immediately prior to selection of the area for the study, 
an application of 101 + 29 + 28 of N-P-K, in kg/ha, was 
plowed down, in preparation for corn production. 
At this point two soil samples were taken from the 
area (April 27, 1971). Results from the soil sample from 
the southwestern half of the experimental area indicated a 
low to medium (27) level of P, a low to medium (143) level 
of K, and a pH of 7.95. The sample from the northwestern 
half of the area tested high (52) in P, low to mediu~ (140) 
inK, and had a pH of 6.65. To insure that P and K were 
not a limiting facto~ in the experimen~ an additional 
0 + 25 + 32 (N-P-K); in kg/ha, was applied and disked 
in prior to seeding. 
Because of the large differences in soil tests as 
shown by the first sampling, the area was sampled 
extensively on May 5, 1971. These results by areas 
JJ 
within each replicate are shown in Figure 2. They 
confirmed the variations found previously and indicated 
the presence of more than one soil type. However, most 
of the variation was between replications. 
Under calcareous -conditions the P available to the. plant 
is not accurately reflected by the soil test (John J, Hanway; 
Iowa State University, Ames, Iowa, private communications, 
1971). Consequently, no further applications of P were made 
prior to harvesting in 1972. 
I IV 
pH = 8.0 pH = 8. 0 pH = 7.6 pH = 7.1 
p = 9 VL P = 44 M P = 56 H p = 62 H 
K = 181 M K = 187 M K = 152 l\1 K = 148 M 
pH = 7.8 pH = 7.8 pH = 6. 8 pH = 6.2 
p = 48 H P = 48 H P = 57 H P = 62 H 
K = 206 H K = 127 LM K = 149 M K = 185 M 
III II 
Figure 2. Results of soil tests by replicates (I-IV) for o-
15 em (0 to 6 inches) soil samples taken on 
May 5, 1971. Values reported by Iowa State 
University Soil Testing Laboratory. VL = very 
low, LM = low medium, M = medium, and H = high 
level of available P and K 
Establishment 
The site was plowed early in April 1971. It was 
disked twice with a tandem disk and harrowed twice prior 
to seeding on May 6, 1971. Single-row, Planet Jr. hand-
seeders were used to seed the individual plots. Each 
plot was seeded to CV in combination with one of the 
grasses in alternate rows 3.8 em apart. Thus, there were 
7.6 em between each row of CV. 
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Certified •Emerald' CV was seeded at a rate of 12,3 
kg/ha (11 lb/A), A September 1970 seed test indicated a 
germination of 62%, with 24% hard seed. Certified seed of 
•Rise• reed canarygrass (RC), •Kentucky 31' tall fescue (TF), 
•sterling• orchardgrass (OG), and 'Baylor• smooth brornegrass 
(SB) were seeded at 10,6, 10.2, 10.6, and 14.0 kg/ha (9.5, 
9.2, 9.5, and 12.5 lb/A), respectively. The RC, OG, and SB 
were tested in 1971 and ranged from 92 to 93% in germination. 
The TF, also tested in 1971, had a germination of 80%. 
The area was clipped to 8,6 ern (4 inches) with a rotary 
mower on June 15, July 1, July 14, July 27, August 9, August 
24, and September 14, 1971 to control weeds during the 
seedling year. 
Procedure for Determining Yield and Botanical Composition 
Harvest technique 
A National mower with a 91-crn sickle bar was used for 
all harvesting operations. The mower was equipped with a 
pair of small wheels, one at each end of the cutting bar, in 
order to maintain a 8.6-crn cutting height. 
Yields of forage were based on a harvested area, 91 ern 
by 2.1 rn. Immediately following weighing in the field a 
250-to 350-g sample from each plot was placed in a 
paper bag for subsequent use in determining percent 
DM, These samples were weighed upon completion of the 
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harvest and dried at 70° to 75° C in a forced air dryer. 
All yields are reported in metric tons/ha (MT/ha). 
Botanical composition determination 
Visual estimation and hand separation were used in 
determining the botanical composition. Visual estimates 
were made on each plot harvested, Three estimators with 
no prior experience in estimations made independent 
estimates of the percentage of CV in the standing 
forage. The three estimates were averaged, and the 
resulting value used as the estimated value of percent 
CV in the mixture. 
Hand separation was also used to determine the 
botanical composition of the mixture for two replicates and 
two species (SB and RC), for all harvests. These values 
were used as a basis for determining the validity of 
results obtained by visual estimation. The experiment 
was too large to allow hand separation of all species 
and replications, 
Samples for hand separation ranged from 250 to 350 g 
and were taken, along with the DM sample, from the 
harvested forage immediately after weighing in the 
field, These samples were placed in plastic bags and 
stored in an ice chest until harvesting was completed, 
The samples were then frozen and held for later hand 
separation. 
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Climatological Data 
Precipitation and average temperatures at the Western 
Iowa Experimental Farm, Castana, Iowa, for each month 
during the establishment year (1971) are presented in 
Table 1. Annual precipitation was 15.7 em (6.3 inches) 
below normal. However, excellent stands of grass were 
established. Temperatures in 1971 averaged 1° C below 
normal during the period of April through October. 
In 1972, when the yield data were obtained, adequate 
moisture and cool temperatures made conditions very favor-
able for forage production. Monthly precipitation totals 
and average temperatures for 1972 are given in Table 2. 
Precipitation was 16.3 em (6.4 inches) above normal in 
1972, with most of this additional precipitation occurring 
in July, September, and October. Average monthly temper-
atures were also below normal in 1972 and again averaged 
about 1° C below normal during the growing season. 
Statistical Procedures 
Data were analyzed at the Iowa State University (ISU) 
Computation Center, using Statistical Analysis System (SAS) 
(Barr and Goodnight 1972). This system was made available at 
ISU by the ISU Statistical Laboratory, Statistical Numerical 
Analysis, and Data Processing Section. 
Analyses of variance were made on data for each of 
the following• total yield, estimated CV yield, CV yield 
determined by hand separation in comparison with visual 
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Table 1. Precipitation, average monthly temperature, and 
deviations from the mean, Western Iowa Experi-
mental Farm, Castana, Iowa, 1971 
Preci£itation (em~ Tem£erature ( oc ~ 
Month Total Departure Average Departureb 
from meana from mean 
January 0,81 -0.32 -9.1 -2.8 
February 6.30 3.64 -5.2 -1 .1 
March 0,86 -3.70 0.7 -1.2 
April 2.39 -3.66 10.6 0.1 
May 7.95 -1.98 14,4 -2.2 
June 6.25 -6.75 23.4 1.4 
July 6.50 -3.15 21.8 -2.9 
August 4.34 -5.03 22.3 -1.3 
September 5.61 -1.17 18.5 -0.1 
October 11.15 5.72 13.7 1.2 
November 3.33 0.74 3.4 0.5 
December 1. 65 0,00 -3.7 -0.7 
Total 57.14 15.7 9.21 -9.1 
a Departure from the precipitation means are calculated 
from the 24-year (1948-1971) means, Castana, Iowa, 
b Departures from the temperature means are calculated 
from the 30-year (1930-1960) means, Onawa, Iowa. 
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Table 2. Precipitation, average monthly temperature, and 
deviation from the mean, Western Iowa Experimen-
tal Farm, Castana, Iowa, 1972 
Preci~itation (cml Tem~erature ~°C} 
Month Total Departure a Average Departureb 
from mean from mean 
January 1.35 -0.28 -8.2 -1.9 
February 1.19 -1.40 -6.7 -2,6 
March 2.72 -1.78 3.1 1.2 
April 10.33 4.14 9.4 -0.9 
May 1~.65 3.58 15.9 -0.7 
June .39 -8.26 21.6 -0.4 
July 16.41 6.53 21.9 -2.8 
August 8.41 -0.92 21.8 -1.8 
September 13.61 6.58 17.2 -1.4 
October 7.39 2,08 9.4 -3.2 
November 6.33 3.61 1.4 -1.5 
December 4,14 2.39 -7.8 -4 . 6 
Total 89.92 16.27 8.3 -20.6 
a Departure from the precipitation means are calculated 
from the 25-year (1948-1972) means, Castana, Iowa. 
b Departure from the temperature means are calculated 
from the 30-year (1930-1960) means, Onawa, Iowa. 
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estimation, and distribution of total yield over time. The 
two models, on which these analyses are based, are indicated 
below. 
Total yield and estimated CV yield analyses were based 
on Model I. 
Model I: 
Y. 'll = u +B.+ Mj + (BM) .. + Nk + (MN) 'k + (BN).k + 
l. JK l. l. J J l. 
(BMN)ijk + s1 + (MS)jl + (NS)kl + (MNS) jkl + 
E. 'kl l. .1 
u =mean 
B = Block effects i = (1, ••• ,4) 
M = Management effects .j = (1-2) 
N = Nitrogen effects k = (1, ••• ,6) 
s = Species effects 1 = (1, ... ,4) 
Yield of CV determined by hand separation in compari-
son with visual estimates was based on Model II. 
Model II: 
Y. 'kl = u +B. + M. + (BM) .. + Nk + (MN) 'k + (BN).k + l.J m J. J . J.J J J. 
(BMN)ijk + s1 + (MS)jl + (NS)kl + (MNS)jkl + 
(BS)il + (BMS)ijl + (BNS)ikl + (BMNS)i.ikl + 
T + (MT) . + (NT)k + (MNT) 'k + (ST) 1 + m Jm m J m m 
(MST)jlm + (NST)klm + (MNST)iklm + EijkllD 
(The terms are the same as in Model I, except for the 
changes listed below.) 
B = Block effects 
T = Method effects 
i = ( 1-2) 
m = (1-2) 
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Distribution of total yield over time was also analyzed 
using Model II, except for the following changes. 
T = Time effects m = (1, .•• ,4) 
Significance was determined using F-tests. The error 
terms in the F-tests are underlined in both models. The 
whole plot error terms (Error a) used to test whole plot 
effects consisted of the interaction of blocks with the 
whole plot variable. The error terms (Error a, b, c, and 
d) used to test split-plot effects and interactions 
consisted of the interactions of blocks with the appropriate 
split-plot variable and associated interactions. 
Duncan's Multiple Range Test was used in accordance 
with Steel and Torrie (1960) for an analysis of some of the 
significant interactions. LSD values were used for the 
analysis of those interactions with a large number of means. 
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RESULTS AND DISCUSSION 
The results from this study of CV-grass mixtures 
are presented in five sections: total yield, CV yield 
determined by hand separation and visual estimation, 
botanical composition based on visual estimates, and 
seasonal distribution of the total yield. Each section 
contains a discussion of the significant treatment effects 
and interaction in their order of appearance in the related 
analysis of variance. Trends of non-significant effects are 
discussed when deemed important. All yields are reported 
in metric tons per ha (MT/ha) of DM, 
Total Yield 
Total yield, as presented here, pertains to the 
total weed-free DNi yield obtained from the CV-grass 
mixture during the 1972 growing season. The analysis 
of variance summary for total yield is presented in Table 
3. Mean total yield values for the various managements, 
species, and N treatments are presented in Table 4. 
Management effects 
There was a significant ( P < 0. 05) difference in 
total yield due to management, even though only a 
limited number of degrees of freedom were available for 
testing management effects. Mean total yields for 
Managements I and II (MGT I and II) are presented in Table 5. 
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Table 3. Analysis of variance summary for the total 
DM yield of crownvetch (CV)-grass mixtures 
(MT/ha) 
Source 
Blocks 
Management (M) 
Error (a) 
Nitrogen (N) 
M X N 
Error (b) 
Species (S) 
M X S 
N X S 
M X N X S 
Error (c) 
d. f. 
3 
1 
3 
5 
5 
30 
3 
3 
15 
15 
108 
Mean squaresa 
2.952 
125.812** 
7.921 
7.924 
1.122 
1.124 
44.688** 
7.823** 
1.101 
1.257 
0,809 
p < F 
0,026 
o.ooo 
0.563 
o.ooo 
o.ooo 
0.179 
0.099 
a For convenience * and ** are used to indicate F values 
significant at (P < 0.05) and (P < o.Ol), respec-
tively, These symbols are used in subsequent 
analyses of variance tables and other tables and 
graphs. 
Under MGT I, four harvests were taken (6/13, 7/19, 
8/15, and 10/16) in contrast to MGT II, which was harvested 
six times (5/16, 6/13, 7/19, 8/15, 9/15, and 10/16) in 
1972. The increased harvesting frequency in the spring 
and fall under MGT II resulted in a 23% reduction in total 
yield. For most species forage yields are reduced by 
frequent cutting. Harvesting reduces the leaf area 
available for photosynthesis below the optimum. Thus, 
the rate of DM accumulation is reduced until sufficient 
regrowth occurs, Increasing the frequency of defoliation 
also reduces reduces reserve carbohydrate accumulation, 
which in turn reduces the rate of regrowth. 
Table 4. Mean total DM yields for various management (MGT), species, and 
nitrogen (N) combinations (MT/ha) 
N treatments {kgLbal 
MGT Species 
Spring-applied (4/13(73) Late summer-applied (8/15/73) 
0 67 13 67 134 269 
I (4 harvests) RC-CV 6.59 8.29 8,46 7.54 7.53 6.28 
TF-CV 4,40 5.92 6.13 5.75 6.59 6.28 
OG-CV 4.95 5.37 6.69 5.34 5.93 6.21 
SB-cV 8,47 8.70 8.50 9.36 7.89 8.31 
II (6 harvests) RC-CV 5.08 6.56 5.95 5.03 5.16 6.20 
TF-CV 3.43 4.16 5.75 4.35 4.64 4.92 
OG-CV 3.88 5.26 6.08 5.60 5.07 5.15 
SB-cV 5.00 5.82 6.18 5.20 6.53 6.60 
~ 
\..t,) 
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Table 5. Mean total yield in MT/ha for management (MGT) 
variables 
MGT Number of harvests 
I (Reserve + Pasture) 4 
II (Pasture) 6 
Total yielda 
6.89 a* 
5.28 b 
a Means that have letters in common are not signifi-
cantly different. 
Nitrogen effects 
Mean total yields for the N treatments included in this 
study are shown in Table 6, All N applications, excepting 
67 kg/ha applied in the late summer (8/15/72), significantly 
(P < 0,01) increased total yield above that of the untreated 
check. However, the increased yield shown for the 67 kg/ha 
late summer treatment was significant at the (P < 0,05) 
level. There was no significant difference in total yield 
due to spring-or late summer-applied N, although the trend 
indicated a smaller response to the late summer-applied N, 
The response to N was approximately 1 MT/ha. There were 
no significant differences in yield resulting from rates of 
N applied for either the spring-or late-summer applied N, 
There were a number of factors unique to this study 
that may have had a moderating influence on the response 
obtained from N, First of all, there probably was some 
carry over from 101 kg/ha of N applied during the seeding 
year. The area had been in soybeans in the year prior to 
establishment, and this also contributed to the available 
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N supply, During the seeding year, no forage was removed 
from the area and CV would have added some N through nitro-
gen fixation, These sources, in addition to the normal 
Table 6, Mean total yield values at various rates of 
spring and late summer-applied nitrogen (N) 
N rate Date applied Total yield (MT/ha) 
0 5.23 a** 
67 4/13/72 6,26 b 
134 4/13/72 6.72 b 
67 8/15/72 5.90 ab 
134 8/15/72 6,17 b 
269 8/15/72 6.24 b 
mineralization of soil N, contributed to making the level of 
available N higher than normal under hay or pasture produc-
tion where a portion of the N is removed from the system, 
The additional organic matter returned to the soil during 
the seeding year, however, may have resulted in a tempor-
ary immobilization of some of the N, 
Precipitation was 14,2 em above normal during the 
period July to October. The temperature during this period 
averaged about 1° C below normal. 
The apparent additional supply of N probably moderated 
the response to applied N, particularly for the spring 
applied N, Moisture and temperature conditions were very 
favorable for a response to late summer-applied N. Thus, 
the response to spring-applied N was probably 
somewhat less than could normally be expected, and the 
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response to late summer-applied N was probably greater 
than would be found during a normal growing season, 
Species effects 
The total yield of the CV-grass mixture was signifi-
cantly (P < 0,01) affected by the grass species present 
in the mixture. Mean total yields for each of the CV-
grass mixtures are presented in table 7. The SB-CV 
mixture yielded significantly (P < 0,01) more than the 
other three CV-grass mixtures. The RC-cv mixture yielded 
significantly (P < 0,01) more than the OG-CV and TF-CV 
mixtures, Both TF and OG appeared damaged by winter-
killing and thus, the early spring production for these 
two species was reduced. The farm is located on the 
northern fringe of their area of adaptation, and stands 
of these species are frequently affected by winter-
killing. Regarding RC, it appeared slow in develop-
ment early in the season, but became more vigorous as the 
season progressed, It is slow in establishing and thus, 
probably becomes more productive once it is well-estab-
lished. This appears to be substantiated by preliminary 
observations made in the spring of 1973. 
~anagement ~ species interaction 
There was a significant (P < 0,01) management by 
species interaction, 
shown in Figure J, 
A graph of this interaction is 
The total yield of all the CV-grass 
Table 7. 
Species 
TF-CV 
OG-CV 
RC-CV 
SB-CV 
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Mean total yield of the four crownvetch (CV)-
grass mixtures (IVIT/ha) 
Total DM yield 
5.19 a** 
5.38 a 
6.56 b 
7.21 c 
mixtures studied were significantly (P < 0,01) reduced by 
the more frequent defoliation of MGT II, However, the 
amount of reduction varied with the grass species present 
in the mixture, The reduction in yield, caused by the more 
frequent defoliation of MGT II, decreased for the four 
CV-grass mixtures, in the following ordera SB-CV > RC-CV > 
TF-CV > OG-CV, Total yield of the SB-CV mixture was reduced 
the most by the two additional harvests in MGT II. The mid-
May harvest of MGT II occurred during the stem elongation 
phase of development, Defoliation during this period can 
result in a large reduction in vigor, because carbohydrate. 
reserves are low, and SB lacks basal buds for development 
of regrowth . Thus, growth is interrupted, and regrowth is 
slow during a time when SB normally produces a majority 
of its seasonal production, In contrast, OG, which 
develops basal buds prior to anthesis and has a rapid 
regrowth rate, was not as severely affected by frequent 
defoliation. The differences in yield between the four 
mixtures were smaller under the more frequent defoliation 
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Figure J, Mean total yield values, illustrating management .(MGT) and species 
effects and their interaction 
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schedule of MGT II. However, they maintained the same 
relative order, with SB-CV producing more than OG-CV and 
TF-CV mixtures. 
Botanical Composition Based on Hand Separation 
Two methods of determining botanical composition were 
used. They were hand separations and visual estimation 
of the percent CV in the standing sward. The botanical 
composition of the CV-grass mixtures is discussed in terms 
of the DM yield of OV, because values expressed on a 
percentage basis vary with the grass yield. In other words, 
if a treatment affected the yield of the grass component 
of a mixture and had no effect on the legume component 
it would result in a change in the percent legume . Since 
the yields reported herein are weed-free yields, DM yield 
of the grass component can be obtained by subtraction 
from the appropriate total yield mean. 
Hand separation data were obtained from two replica-
tions of the SB-CV and RC-CV mixtures. These results, 
along with a comparison to the equivalent visual estimates, 
are presented first, followed by a discussion of the 
results obtained for the complete experiment based on visual 
estimation. 
A summary of the analysis of variance for DM yields 
of CV determined by the hand separation method in com-
parison to visual estimates is presented in Table 8, 
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Table 8, Analysis of variance summary for crownvetch (CV) 
DM yields (MT/ha) determined by hand separation 
in comparison to visual estimates 
Source 
Blocks 
Management (M) 
Error (A) 
Nitrogen (N) 
M X N 
Error (b) 
Species (S) 
M X S 
N X S 
M x N X S 
Error (c) 
Method (T) 
M X T 
N X T 
M X N X T 
S X T 
M X S X T 
N X S X T 
MXNXSXT 
Error (d) 
d.f. 
1 
1 
1 
5 
5 
10 
1 
1 
5 
5 
12 
1 
1 
5 
5 
1 
1 
5 
5 
24 
Mean square 
1.942 
0, 611 
0.616 
0,116 
0.218 
0.294 
2.726** 
2.056** 
0.493* 
0,101 
0.117 
1.910** 
0.034 
0.030 
0.061 
0.236 
O.J22* 
0.069 
0.026 
0.064 
p > F 
0.501 
0.842 
0,610 
0,001 
0.002 
0,019 
0.534 
0,000 
0,518 
0.799 
0.534 
o.o64 
0.033 
o.4oo 
0.841 
The mean CV yield values determined by visual estimation 
and hand separation as affected by various management, 
species, and N treatments are shown in Table 9. 
Management effects 
Mean CV yields, determined by hand separation, for 
MGT I and MGT II were 0.93 and 1.21 MT/ha, respectively. 
Although the CV yield tended to be lower under MGT I, it 
was not significantly different from MGT II. 
Nitrogen effects 
Both the F-test and an orthogonal comparison of spring-
and late summer-applied N indicated no significant (P < 0.05) 
Table 9. Mean crownvetch (CV) yields and percentage of total yield determined by vis~ 
ual estimation and hand separation as affected by various management (MGT), 
species, and nitrogen (N) combinations 
Nitrogen treatment (kg/ha) 
Spring-applied (4/13/72) Late summer-applied (8/15/7 ) 
0 67 134 67 134 269 
a 
MGT S~e- Meth- y· ldb %c Yield % Yield % Yield % Yield % Yield % C1eS od 1e 
I RC-CV VE 1.95 25.3 1.39 17.6 1.58 19.1 1.76 25.0 1.58 23.9 1.17 18.7 
HS 1,10 15.9 1.31 17.4 0.93 11.2 0.90 12.6 1.13 17.6 1. 86 13.7 
SB-CV VE 0.53 6,6 0.35 4.1 0.53 6.0 0.63 6.5 1.07 14,8 1. 24 18.8 
HS 0.50 6.3 0.37 4.3 0.35 3.9 0.70 7.4 0,92 12.9 0.89 14.2 
II RC-CV VE 1.17 21.3 1.64 24.8 1.16 21.0 1.52 33.4 0.99 17.7 1. 24 20.7 
HS 1.21 21.8 1.4 22.2 1. 00 18.1 1.12 24.4 0,62 11.1 0.94 15.6 
SB-CV VE 1.22 23.6 1.44 24.3 0.92 17.2 0.84 17.3 1,48 18.3 1. 63 23.7 
HS 1,08 20.8 1.14 19.1 0185 15.8 0.76 15.6 0.96 11,6 1.19 17.2 
a VE = Visual estimation. 
HS = Hand separation. 
b Total CV dry matter (DM) yield in MT/ha. The to~al DM yield of 
CV determined by VE was calculated by multiplying the average percenta~~ 
CV determined by three estimators x the total DM yield for each harves~ 
and summing over harvests . The Dl\1 yield of CV for HS was determined i:-, 
the same way except for using the percentage DM yield of CV determined :y HS. 
c Percentage CV in relation to the total DM yield of the mixture. 
\J\ 
1-' 
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N by species interaction. This will be discussed in a 
subsequent section. Figure 4 depicts mean CV yields for 
the N treatments studied, A decrease in CV yield with 
increasing rates of N applied in the spring is indicated, 
whereas the late summer-applied N did not appear to affect 
cv yield. 
Species effect 
The CV yields and corresponding percentages of the 
total yield for the two mixtures are shown in Table 10, 
Yields of CV when grown in combination with RC were signif-
icantly (P < 0,01) higher than when grown in combination 
with SB. Because SB is well-adapted to the area in which 
this experiment was performed, it became established early 
and was more competitive with CV during the seeding year 
than the other grasses were. In addition, SB was the 
highest yielding grass and was especially competitive 
during the early spring, when it showed most of its seasonal 
production. 
Management ~ species interaction 
A graph of the mean CV yields for this interaction is 
presented in Figure 5. There was a significant (P < 0,01) 
increase in CV yield in the SB-CV mixture under the more 
frequent cutting of MGT II. In contrast, there was no 
significant change in CV yield due to management for the 
RC-CV mixture. Under MGT I, the CV yield was significantly 
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Table 10. Mean crownvetch (CV) yield and percentage of 
total yield based on hand separation for two mix-
tures 
Species 
RC-CV 
SB-CV 
CV MT/ha 
1.24 a 
0.90 b 
% cv 
19.6 
13.8 
(P < 0,01) lower in the SB-CV mixture than in the RC-CV 
mixture. However, under MGT II there was no significant 
difference in CV yield between the two mixtures, Thus, the 
more frequent defoliation in MGT II, particularly the 
additional spring harvest, resulted in a large reduction in 
SB yield, which made conditions more favorable for CV growth. 
Being slower in establishment, RC was not as competitive 
toward CV, especially during the seeding year and spring 
of the second year. Therefore, the more frequent defol-
iation of MGT II did not significantly effect CV yield, 
as would be expected under more frequent defoliation, if 
competition from the grass was not the dominant factor . 
involved. 
Nitrogen~ species interaction 
There was also a significant (P < 0,05) N by species 
interaction (Figure 6). For the RC-CV mix~ure there was 
no significant difference in CV yield due to either level 
of N applied or the time of application. The trend indi-
cated that CV yields in the RC-CV mixture were slightly 
lower for late summer-applied N, and that 134 kg/ha spring 
c 
R 
0 
w 
N 
v 
E 
T 
c 
H 
(MT/ha) 
Figure 5. 
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treatment, and the 134 and 269 kg/ha late summer treat-
ments reduced CV yield. 
The CV yield in the SB-CV mixture was significantly 
(P < 0,05) lower than in the RC-CV mixture for all N 
treatments, except for 134 and 269 kg/ha late summer-
application, A jeparate graph of the effect of various N 
treatments on the CV yield in the SB-CV mixture is presented 
in Figure 7. There was no significant change in CV yield 
due to spring-applied N, In contrast, the late summer-
applied N at the 240 kg/ha rate significantly (P < 0,05) in-
creased CV yield over the untreated control and the 67 kg/ha 
late summer rate, Both the 134 and 269 kg/ha late summer 
N rates yielded significantly (P < 0,05) more CV than the 
134 kg/ha spring treatment. It is not clear why the CV 
yield was increased by late summer-applied N, The SB 
was very competitive toward CV during the seeding year, 
and the early part of the following year when these 
treatments were applied, Probably the vigorous top and 
root growth of SB interfered with the growth and develop 
ment of CV, This is apparent from the significantly 
(P < 0,01) lower yield of CV in the SB-CV mixture than 
in the RC-CV mixture. It appears that CV in the SB-CV 
mixture may not have developed an extensive root system 
with sufficient nodulation to fix an adequate amount of 
N, Therefore, when SB production declined and conditions 
became favorable for CV growth it responded to the late 
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Figure 7. Mean crownvetch (CV yield values determined by hand separation, 
depicting the effect of various nitrogen (N) treatments on the 
botanical composition of the smooth bromegrass (SB)-CV mixture 
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summer-applied N, whereas no response was obtained from 
the spring-applied N, because it stimulated SB growth 
and decreased even further the already limited amount of 
light available to CV during the early spring. It appears 
that this response to late summer-applied N did not occur 
in the RC-CV mixture, because RC was slower in establish-
ing and allowed more CV growth and development. In 
addition RC appeared to increase in vigor as the season 
progressed and responded to the late summer-applied N. 
Comparison of Hand Separation Results and Visual Estimates 
Method differences 
Mean CV yield and percent of total yield determined 
by visual estimation were presented in Table 9, along 
with the hand separation results. The overall means for 
the two methods are presented in Table 11. There was a 
significant (P < 0,01) difference between the DM yield 
of CV determined by the two methods. In comparison with 
the DM yield of CV determined by hand separation, visual 
estimation slightly overestimated (0,28 MT/ha) the amount 
of CV present. 
Species x method interaction 
There was a significant (P < 0,06) species by method 
interaction, This interaction is depicted in Figure 8. 
There was no significant difference between the CV yield 
determined by hand separation and visual estimation for 
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the SB-CV mixture. In contrast, the CV yield in the RC-CV 
mixture determined by the two methods were significantly 
(P < 0.01) different. The amount of CV in the RC-CV 
mixture was overestimated by visual estimation, however, 
the CV content of the two mixtures were still ranked in 
the same relative order as determined by hand separation. 
Table 11. Mean crownvetch (CV) yield determined by visual 
estimation and hand separation 
Method 
Visual estimation 
Hand separation 
MT/ha 
1.21 a 
0.93 b 
% 
19 
15 
This species by method interaction suggests limiting 
of the visual estimation method when species are being 
compared. The reason for this interaction is apparent 
in analysis of the three-way interaction discussed below. 
Management A species A method interaction 
This interaction was significant (P < 0.05) and is 
shown in Figure 9. It is apparent that within MGT I 
there is a species by method interaction, The CV yield 
in the RC-CV mixture was significantly (P < 0.01) over-
estimated when compared to the hand separation valuer 
whereas, there was no significant difference between the 
two methods for the SB-CV mixture. Under the more frequent 
defoliation of MGT II, however, there was no significant 
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difference in CV yields determined by the two methods 
for either of the mixtures. The two mixtures did not 
differ significantly in CV yield under MGT II, Both methods 
r~~ed the CV yield of the two mixtures in the same order. 
Thus it appears that under more frequent defoliation, 
where the forage is not as tall, and the different species 
are maintained at a more uniform height, visual estimation 
may be a reliable and efficient way to determine botanical 
composition. It may also be useful under less frequent 
defoliation if only one mixture is involved, and the objec-
tive is to determine the relative effect of various treat-
ments with the same defoliation schedule. The value of 
visual estimates may be limited when mixtures containing 
different species are to be compared under a defoliation 
frequency that allows large differences in height and growth 
habit to manifest themselves. These differences between 
species are held to a minimum by frequent clipping, 
Another important factor relating to this interaction 
and accounting for more consistent results between species 
obtained under the frequent defoliation, is that more visual 
estimates were used to determine the total DM yield of CV 
for MGT II than for MGT I. There were a total of 12 indi-
vidual estimates used for determining CV yield in MGT I 
compared to 18 for MGT II. This may partially account for 
the lack of a species by method interaction within the 
MGT II estimates. 
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There was a large amount of variability in the CV yield 
determined by both methods, The coefficients of variability 
for the mean CV yield in the four mixtures were 37 and 32% 
for visual estimation and hand separation, respectively. 
These high values are largely a result of the low CV yields, 
Visual Estimates of Crownvetch Yield 
Since hand separation data were only collected on two 
of the species for verification of visual estimates, and 
there was a significant (P < 0.06) species by method inter-
action (discussed previously), the results obtained from · 
visual estimation must be interpreted with caution. 
The mean CV yields determined by visual estimation 
for the various management, species, and N treatments are 
presented in Table 12. A summary of the analysis of 
variance of the visual estimates of DM yield of CV is 
presented in Table 13. There was a large amount of variation 
in the visual estimation data, and consequently only large 
differences in botanical composition could be detected. 
Management effects 
There was no significant difference between the mean 
CV yields of the two managements. The CV yields determined 
by visual estimation for MGT I and MGT II were 1.14 and 
1.17 MT/ha, respectively. 
Table 12. Mean crownvetch (CV) yields determined by visual estimation for various 
management, species, and nitrogen (N) combinations (MT/ha) 
Nitrogen treatments {kg/ha) 
Spring-applied (4/13/72) Late summer-applied (8/15/72) 
MGT Species 
0 67 134 67 134 269 
I RC-CV 1.42 1.27 1. 00 1.25 1,04 0.92 
TF-CV 1.64 1.75 1.61 1. 66 1.69 1.48 
OG-CV 1.50 1.25 0.79 1.21 1.25 1.19 
SB-CV 0.49 0.32 0.36 0.77 0.73 0,86 
II RC-CV 1.07 1.25 1.06 1,26 0,91 l. 07 
TF-CV 1.32 1,28 1,44 1.42 1.34 1.34 0'\ 
OG..CV 1.27 0.96 1.40 0.96 1.15 1,05 \..1\ 
SB-CV 1. 08 1.07 1,16 0,69 1.27 l. 33 
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Table 13. Analysis of variance summary for crownvetch (CV) 
yield (MT/ha) determined by visual estimation 
Source d.f. Mean square p > F 
Blocks 3 8.622 
Management (M) 1 0.04-1 0.871 
Error (a) 3 1.4-68 
Nitrogen (N) 5 0.050 0.970 
M X N 5 0.213 0.609 
Error (b) 30 0.292 
Species (S) 3 3.4-67** o.ooo 
M X S 3 1.371** o.ooo 
N X S 15 0.14-6 0,684-
M X N X S 15 0.101 0.905 
Error (c) 108 0.184-
Nitrogen effects 
The CV yield, based on visual estimation, was not 
significantly affected by the N treatments studied. A 
graph of the mean CV yield for the various N treatments in 
relation to the total yield is shown in Figure 10 . 
The results presented here are based on the first year 
in which the management and N treatments were applied. The 
effect of these treatments may change and become more 
obvious over time, as effects on carbohydrate _reserves 
manifest themselves in stand reduction,' and carry over N 
from the late summer-applied N comes into play. 
Species effect 
Visual estimates indicated that the CV yield differed 
significantly (P < 0.01) in the mixtures studied. The 
mean CV yields for the four mixtures are shown in Table 14. 
The CV yield in the SB-CV mixture was significantly (P < 0.01) 
8.00 
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o.oo 
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67 134 
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269 kg/ha N 
8/15 Dates 
applied 
Figure 10. Mean crownvetch (CV) yield determined by visual 
estimation, in relation to the total yield 
of the mixture for various nitrogen (N) 
treatments 
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lower than in the other three mixtures. Conversely, the 
highest CV yield was obtained from the TF-CV mixture, and 
it was significantly (P < 0,01) higher than in the other 
three mixtures. The favorable conditions for CV growth in 
the TF-CV mixture are shown in Figures 11 and 12. The CV 
Table 14. 
Species 
SB-CV 
RC-CV 
OG-CV 
TF-CV 
Mean crownvetch (CV) yields determined by visual 
estimates in four mixtures 
(MT/ha) 
0,84 a** 
1.12 b 
1.16 b 
1.50 c 
yields for the RC-CV and OG-CV mixtures did not differ 
significantly and were intermediate between the other two 
mixtures. 
The relationship between CV yield and the total 
yield for each of the four CV-grass mixtures is presented 
in Figure 13. Yields of CV were 29, 22, 17, and 12% 
of the total yield for the TF-CV, OG-CV, RC-CV, and SB-CV 
mixtures, respectively, Generall~ the CV yield was 
decreased as it was grown in association with increasingly 
higher yielding grasses, However, it appears that the 
growth characteristics and seasonal distribution of 
production of the associated grass has an influence on 
CV yield, The RC-CV mixture yielded significantly (P < 0.01) 
more than the OG-CV mixture, but the two mixtures did not 
differ significantly in CV yield. Again, RC was slow in 
Figure 11. The tall fescue-crownvetch (TF-CV) mixture 
under management I (MGT I) on May 31, 1972, 
illustrating favorable conditions for CV 
growth in association with TF 
Figure 12. A tall fescue-crownvetch (TF-CV) mixture under 
management I (MGT I) receiving 134 kg/ha of 
spring-applied nitrogen (N), illustrating the 
limited response of TF to spring-applied N 
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establishment, and it had spread very little laterally 
from the row in which it was seeded, whereas OG tillered 
profusely. In addition, RC grew more erectly than OG 
(Figures 14 and 15). Consequently, more light penetrated 
the RC canopy and was available for CV growth. Thus, 
conditions were more favorable for CV growth in association 
with RC than OG, which formed a very dense canopy. 
It seems likely that the higher CV yield in the 
TF-CV mixture may have been partially due to the seasonal 
distribution of TF production. Since TF produces well in 
the fall of the year, during a time of declining yield and 
dormancy for CV, it may not be as competitive toward CV 
growth. On the other hand, SB was extremely productive in 
the spring, and was therefore, very competitive with CV. 
Management ~ species interaction 
Visual estimates also indicated that there was a 
highly significant (P < 0.01) management by species inter-
action. This interaction is illustrated in Figure 16. 
Within MGT I. the TF-CV mixture produced a significantly 
(P < 0.01) higher CV yield than any of the other three 
mixtures. The CV yield of the SB-CV mixture was signifi-
cantly (P <O.Ol) lower than any of the other three mixtures. 
There was no significant difference between the CV yield in 
the OG-CV and RC-CV mixtures. In the previous discussion of 
the management by species by method interactions, it was 
shown that the CV yield in the RC-CV mixture was overestimated 
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Figure 14, The reed canary grass-crownvetch (RC-CV) mixture 
on May )1, 1972, illustrating the erect growth 
of RC, This mixture received no nitrogen (N), 
and was under management I (MGT I) and had not 
been harvested prior to the photograph 
Figure 15. An orchardgrass-crownvetch (OG-CV) mixture 
receiving the same treatments, illustrating 
the less erect growth of OG 
1.70 
1.40 
1 . 10 
0,80 
73 
0 - TF-CV 
0- OG-CV 
a* 
b 
b 
c 
0- RC-CV 
A- SB-CV 
ab 
0.50*--------r----------------~--------
MGT I MGT II 
Figure 16. Mean crownvetch (CV) yield, based on visual 
estimates, illustrating the management (MGT) 
by species interaction 
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by visual estimation under MGT I. In view of this, the CV 
yield in the RC-CV mixture is probably somewhat less than 
indicated in Figure 12, 
Under frequent defoliation of MGT II, there were~no 
significant differences in CV yield among the four mixtures, 
There was a significant (P < 0,01) increase in CV yield in 
the SB-CV mixture under the more frequent defoliation of 
MGT II. The additional early-spring harvest of MGT II 
resulted in a large reduction in SB yield and made conditions 
more favorable for CV growth (Figure 17 and 18). Visual 
estimates indicated that there was no significant change 
in the CV yield of the other three mixtures under the more 
frequent defoliation of MGT II. Under . the more frequent 
defoliation of MGT II, CV yield was consistent among 
mixtures and may indicate that this more severe defoliation 
schedule is not conducive to maximizing CV yield. 
Seasonal Distribution of the Total Yield 
The total CV-grass yield accumulated in each of four 
time-periods during the growing season was used to analyze 
the seasonal distribution of yield, These four time-periods 
correspond to the four harvests of MGT I (6/13, ?/19, 8/15, 
and 10/16). The mean CV-grass yield within each of these 
time-periods for the various management, species, and N 
combinations studied are presented in Table 15. A summary 
of the analysis of variance used to analyze the seasonal 
Figure 17. 
Figure 18 . 
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A smooth bromegrass-crownvetch (SB-CV) mixture 
under management I (MGT I) on May 31, 1972, 
illustrating the intense spring competition 
from SB 
The smooth bromegrass-crownvetch (SB-CV) mixture 
on May 31, 1972 under the more frequent defolia-
tion of management II (MGT II), illustrating 
the more favorable environment for CV growth 
Table 15. r.Iean total yield and percent of total yield within each of four time-
periods for various management, species, and nitrogen (N) combinations 
Nitrogen treatment (kg/ha) 
Spring-applied (4/13/72) Late summer-applied (8/15/72) 
0 67 134 67 134 269 
MGT S~e- Time Yieldb % 
Cl.es per .a Yield " Yield % Yield % Yield % Yield % 
I RC-CV 1 2.69 40.7 4,22 50.5 4.43 52.3 3.29 43.9 2,90 37.7 2.09 33.4 
2 1. 31 19.9 1,60 19.4 1.96 23.2 1,08 13.9 1,10 14.5 1. 00 15.9 
3 1. 00 15.4 0,94 11.4 0,76 9.0 0.95 12.6 0.75 9.9 0.74 11.7 
4 1.59 24,0 1.53 18.7 1,30 15.5 2,22 29.6 2.79 37.9 2.46 39.1 
TF-CV 1 1. 67 38.0 2.27 38.3 2,18 36.2 l. 79 31.3 1. 66 25.6 1.59 25.5 ......., 
2 0,67 15.0 1.15 19.6 1. 39 22.5 0.72 12.5 0,66 9.9 0,43 7.2 ~ 
3 0,74 16.7 0,85 14.3 0,90 14.7 0,63 10.9 0,78 11,4 0.55 8.9 
4 1. 33 30.3 1. 64 27.8 1. 66 26.5 2.61 4.5.2 3.49 53.1 3.70 .58.4 
OG-CV 1 1.49 30.0 2.37 43.7 2.31 34.7 1.36 25.7 1.35 22,0 1.67 26,8 
2 0,78 16.1 1.43 26.5 2.0.5 31.2 0,82 1.5.2 0,81 14,0 0.77 12,4 
3 1.14 23.2 0,83 1.5.8 1.32 19.4 0,07 13.2 0.94 15.9 0,74 12.1 
4 1. .54 30.8 0.73 14,0 0.99 14,6 2.47 4.5.9 2.83 48,1 3.02 48.7 
SB..GV 1 6.22 73.6 6,16 70.9 5.37 63.3 6.46 69.0 4.81 61.1 4.72 55.7 
2 0,83 9.9 1.26 14.5 1.49 17.7 0,66 6.9 0.67 8,2 0.87 10,6 
3 0.89 10.3 0,78 8.9 0,90 10 . .5 0 . .56 5.9 0.6.5 8,2 0,72 8.9 
4 0.53 6,2 0.49 .5.6 0.73 8 . .5 1. 68 1,82 1.75 22.4 2,00 24,8 
a Time periods are as fo11owsa 1 = spring yield to 6/13, 2 = 6/14-7/19, 
3 = 7/20-8/15, and 4 = 8/16-10/16 (1972), 
b Yield of the crownvetch (CV)-grass mixture in MT/ha. 
Table 15. (continued) 
Nitrogen treatment (kg/ha) 
Spring-applied (4/13/72) Late summer-applied (8/15/72) 
0 67 134 67 1.34 269 
MGT Spe- Time Yield 
CleS % Yield % Yield % Yield % Yield % Yield % 
II RC-CV 1 2.49 49.1 3.19 49.1 3.33 56.1 1.55 29.4 2.05 38.9 2.49 39.6 
2 1,11 21.6 1.70 25.8 1. 38 2.3.7 1 . .30 26,4 1,01 18.9 1.29 20.7 
3 0.84 16,8 0,84 12.6 0,65 10.5 0.95 19 • .3 0,71 14.0 1,0.3 16.8 
4 0.63 12.6 0,82 12.5 0.59 9.6 1. 2.3 24.9 1.39 28,2 1.39 22.9 
TF-CV 1 1.54 45.7 1. 74 41. 9 1. 83 32.5 1.49 34. 0 1.18 25.6 1.15 23.4 
2 0.58 16.2 0.96 22.7 1. 88 32.6 0,60 13.5 0,67 14.3 0.59 12.1 -...J 
3 0,66 19.1 0,66 16.1 0 97 17 0 0,61 14,0 0,64 13.9 0,68 14.1 -...J 
4 0.65 18.9 0,80 19.4 1. 06 18,0 1. 65 38.5 2.14 46.2 2.51 50.4 
OG-CV 1 1,48 39.2 2,00 38.7 2.55 42.0 1.23 26 . .3 1.33 26 . .3 1.38 26.7 
2 0.91 22,4 1.57 29.5 2.04 .33.7 0.71 15.9 0.87 17.1 0.79 15.0 
3 0,82 21.0 0.95 17.8 0.90 14.7 0.76 16.8 0.74 14.7 0.73 13.8 
4 0.67 17.4 0.74 14.0 0.59 9 . 7 1.89 41.0 2.12 41.9 2,26 44.5 
SB-CV 1 2.85 57.5 3.15 . 54.1 3.38 55.6 2.50 48.2 3.18 49.1 2.96 44,8 
2 1,04 19.8 1.16 19.9 1.50 2.3.8 0,84 15.9 1.19 17.7 1,11 16.8 
3 0.64 13.2 1. 00 17.6 0.84 13.2 0.71 13 . 7 0.71 11.1 0,66 9.9 
4 0.47 9.4 0.50 8.5 0.47 7.4 1.15 22 , 2 1.44 22,2 1. 88 28.5 
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in this section is that dealing with time and the associa-
ted interactions. The remainder of the analysis of variance 
relates to the effect of various factors on the yield aver-
aged over four periods and is incidental to the analysis of 
yield distribution. These effects and their interactions 
were discussed in a previous section dealing with total yield. 
Our primary interest here is to examine the effect of these 
factors on the distribution of yield over time, 
Table 16. Analysis of variance summary for the distribu-
tion of total yield from the CV-grass mixtures 
(MT/ha) 
Source a d. f. Mean square p > F 
Blocks 3 0.738 
Management (M) 1 31.453* 0,026 
Error (a) 3 1.980 
Nitrogen (N) 5 1.981** o.ooo 
M X N 5 0,280 0,563 
Error (b) 30 0,281 
Species (S) 3 11.172** 0,000 
M X S 3 1.956 0,000 
N X S 15 0,275 0.179 
M X N X S 15 0,314 0,099 
Error (c) 108 0,202 
Ti me (T) 3 126.478** 
M X T 3 11,497** 
N X T 15 7.905** 
M X N X T 15 0,421 ** 
S X T 9 23. 840** 
M X S X T 9 5.094** 
N X S X T 45 0,383** 
M X N X S X T 45 0,208 
Error (d) 432 0.122 
a F-tests for the variable time and all interactions 
with time were based on conservative d, f. to 
compensate for the lack of error independence 
associated with using the same plot to determine yield 
distribution over time. These values were calculated 
by dividing by three both d, f. values associated with 
the F-test. 
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Time-period effects 
The mean yield values pertaining to the four time-
periods studied are shown in Table 17. Yields of CV-grass 
for the various time periods differed significantly 
(P < 0,01). This is expected due to the differences in 
length and growing conditions for the time-periods, The 
proportion of the total yield occurring within the first 
(-6/13), second (6/14-7/19), third (7/20-8/15), and 
fourth (8/16-10/16) time-periods were 43.6, 17.9, 13.1, 
and 25,4%, respectively. It is impossible to specify the 
exact length of the first period. If we assume that very 
little growth occurred before April 13th, than the length 
of the first period would be approximately 2 months. 
The length of the second, third, and fourth periods were 
36, 27, and 62 days, respectively. Thus, the first and 
fourth, and second and third periods are of comparable 
lengths, The first two periods had the highest yield in 
relation to time. This results from the high grass yields 
within these periods augmented by favorable daylength, 
moisture, and temperature conditions. 
Management ~ time interaction 
The mean CV-grass yield and the percent of the 
overall total yield for the various time-periods and 
managements studied are presented in Table 18. The yield 
values are also shown graphically in Figure 19, with the 
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second and third periods combined in order to depict yield 
distribution throughout the season for three periods of 
approximately equal duration (-6/13, 6/14-8/15, and 8/16-
10/16). 
Table 1?. Mean crownvetch (CV)-grass yield and percent of 
total yield accumulated during the four time-
periods in 1972 
Time-perioda 
1. -6/13 
2. 6/14-7/19 
3 ·. 7/20-8/15 
4 8/16-10/16 
MT/ha 
2.65 a** 
1.09 b 
0,08 c 
1.55 d 
% 
43.6 
17.9 
13.1 
25.4 
a The first period includes the spring growth up to 
June 13, 1972. 
Table 18. Mean crownvetch (CV)-grass yield and percent of 
the total yield for various time-period and 
management (MGT) combinations 
Time-period (1972) 
1. -6/13 
2. 6/14-7/19 
3 ·. 7/20-8/15 
4 8/16-10/16 
I 
Yield 
3.13 a** 
1.06 c 
o.82 e 
1,88 f 
Management 
II 
% Yield % 
42.9 2.17 b 40.6 
15.7 1.12 cd 20.7 
12.5 0.78 e 15.0 
28.9 1.21 d 23.7 
There was a highlY significant (P < 0,01) management 
by time interaction. This interaction results from the 
difference in defoliation frequencies between the two 
managements. The first harvest for MGT I occurred on June 
T 
0 
T 
A 
L 
y 
I 
E 
L 
D 
( MT/ha) 
Figure 19. 
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4,00 
-MGT I 
----MGT II 
3. 00 . 
G.-. ... 
2.00 
...... -- ...... .. ... ... ... ', 
' ... 
'e 
1,00 
0,00~------~------~-------T----
10/16 (1972) 6/13 8/15 
TIME 
Mean total yield values of the crownvetch (CV)-
grass mixtures, illustrating the management (MGT) 
by time interaction 
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13th, whereas MGT II was harvested twice during this period 
(5/16 and 6/13). This additional harvest resulted in a 30.6% 
reduction in yield for the period, 
During the second and third periods both managements 
were under the same defoliation schedule and were harvested 
once at the end of each period. The yield obtained under 
MGT I and MGT II did not differ significantly within either 
period. Apparently the previous management during the 
spring of 1972 had no residual effect on the yield obtained 
during the summer period (6/14-8/15). 
The yield obtained during the third time period was 
significantly (P < 0,01) lower than for the second. However, 
when the difference in length between the two periods is 
taken into consideration the yields are the same (0.03 MT/ha/ 
day) for both periods, 
Nitrogen ~ time interaction 
The mean yield and percent of total yield values 
relating to this interaction are presented in Table 19. 
There was a highly significant (P < 0,01) N by time inter-
action, These data are also presented graphically in 
Figure 20, to illustrate the effect of N on the yield distri-
bution of the mixture among three periods throughout the 
growing season. The mean total yield of the CV-grass mixtures 
without N declined linearly throu~hout the season, with a 
yield of 2.55, 1.75. and 0.93 MT/ha for the three periods, 
respectively, 
Table 19. Mean crownvetch (CV)-grass yield and percent of total yield for various 
time periods and nitrogen (N) combinations 
N treatments {kg/ha) 
Spring-applied (4/13/72) Late summer-applied (8/15/72) 
Time- 0 67 134 67 134 269 
period 
Yielda 
1 
2 
3 
4 
% Yield % Yield % Yield % Yield % Yield % 
2.55 46.7 3.14 48.4 3.17 46.6 2.46 38.5 2.31 35.8 2,26 34.5 
0.90 17.6 1.35 22.2 1.71 26.1 0,84 15,0 0,87 14.3 0,86 13.8 
0.84 17.0 0,86 14.3 0,91 13.6 0.73 13.3 0,74 ·12.4 0.73 12,0 
0.93 18.7 0.91 1.51 0.93 13.7 1.86 33.2 2,24 37.5 2,40 39.6 
(X) 
a LSD values are 0.17 and 0.23 MT/ha for the 0,05 and 0.01 levels, respectively w 
Yield of the crownvetch (CV)-grass mixture MT/ha. 
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Figure 20. Mean crownvetch (CV)-grass yield values, 
illustrating the nitrogen (N) by time 
interaction 
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Spring-applied N. at the rates of 67 and 134 kg/ha in-
creased both the spring and summer yields, These rates did 
not increase the fall yield of the CV-grass mixture, The late 
summer-applied N (8/15/72) increased the yield obtained 
from the mixture during the fall period and resulted in a 
more uniform seasonal distribution of yield. 
Thus it appears that N applied in the spring or late 
su~~er was effective in stimulating the productivity of the 
mixture in the period following application. However, the 
response was probably not large enough to be of economic 
importance, and the possible effect on the persistence of 
CV in the mixture must also be considered. Carry over from 
the 101 kg/ha of N applied in the spring of the seeding year 
and from the previous soybean crop may have moderated the 
response to N, Of the total yield, CV made up only about 
19%. This low CV yield may partially have been a result 
of N-stimulated grass growth during the seeding year and 
a carry over effect during the harvest years. Since CV 
yield was relatively low compared to grass yields, N 
fixation would also be lower. This probably offset somewhat 
the effect of carry over. 
Management 2£ nitrogen 2£ time interaction 
The mean yield values relating to this significant 
interaction (P < 0,01) are shown in Table 20. This inter-
action appears to result from a difference in the relative 
Table 20. Mean yield of the crownvetch (CV)-grass mixture and percent of the 
total yield occurring within each time-period for various management 
(MGT) and nitrogen (N) combinations 
N treatments (kg/ha) 
Spring-applied (4/13/72) Late summer-applied (8/15/72) 
0 67 134 67 134 269 
MGT Time 
period Yield a % Yield % Yield % Yield % Yield % Yield % 
I 1 3.02 45.5 3.76 50.9 3.58 46,6 3.22 42.5 2.68 36.6 . 2.52 35.3 
co 
"' 2 0,90 15.2 1.36 20.0 1.73 23.7 0.82 12,2 0,81 11.7 0.77 11.5 
3 0.94 16.4 0.85 12.6 0.97 13.4 0.71 10.7 0.78 11.4 0.69 10.4 
4 1.25 22.8 1,10 16.5 1.17 16.3 2.24 34.7 2.73 40.4 2,80 42.7 
II 1 2.09 47.9 2.52 45.9 2.77 46.6 1.69 34.4 1.94 35.0 1.99 33.6 
2 0.91 20.0 1.35 24.4 1.70 28.4 0.86 17.9 0.94 17.0 0.94 16.2 
3 0.74 17.5 0.86 16.0 0.84 13.9 0.76 16.0 0.70 13.4 0.77 13.7 
4 o.6o 14.6 0.72 13.6 o.68 11.1 1,48 31.7 1.78 34.6 2.01 36.5 
a Yield of the crownvetch (CV)-grass mixture in MT/ha. 
LSD values are 0.24 and 0.33 MT/ha for the 0.05 and 0.01 levels, respectively, 
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yield of MGT I and MGT II within the first and fourth 
periods under various N rates. For the first period the 
rates of 67 and 134 kg)ha of spring-applied N did not 
increase the yield obtained under MGT II above that of 
the no N treatment of MGT I. However, late summer-applied 
N at the rates of 67, 134, and 269 kg/ha increased yields 
obtained from MGT II above that of the no N treatment of 
MGT I. Apparently, the more frequent defoliation of MGT II 
was not as detrimental to grass yield during the fall period 
as in the spring. The first harvest of MGT II occurred 
during the stem elongation phase of grass growth and 
resulted in a large reduction in yield, particularly for 
SB and RC. 
Species ~ time interaction 
Mean CV-grass yields and percent of total yield for 
the various time and species combinations involved in 
this highly significant (P < 0,01) interaction are pre-
sented in Table 21. The yields of the second and third 
periods were combined and plotted along with the other 
two periods in Figure 2l . to illustrate the seasonal 
distribution of production for the CV-grass mixtures 
studied, 
The highest yielding mixture, SB-CV, made major 
growth during the spring. This was largely due to the 
high spring yield of SB, Production of the SB-cV mixture 
Table 21. Mean crownvetch (CV)-grass yield and percent of total yield occurring 
within four time-periods for four mixtures (MT/ha) 
SB-CV RC-CV OG-CV TF-CV 
Time-period Yield a % Yield % Yield % Yield 
1 
2 
3 
4 
4.31 58.6 2.90 43.4 1.71 31.8 1.67 
1.05 15.2 1.32 20.3 1.13 20.8 0.86 
0.76 11.0 0.85 13.3 0.88 16.5 0.72 
1.09 15.3 1,50 23.0 1.66 30.9 1.94 
a LSD values are 0.14 and 0.19 MT/ha for the 0.05 and 0,01 levels, respec~ 
tively. 
% 
33.2 
16.5 
14.3 
36.1 
(X) 
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Figure 21. Mean crownvetch (CV)-grass yield values, 
illustrating the seasonal distribution of 
production for the various mixtures 
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dropped sharply for the remainder of the growing season 
and by fall was the lowest yielding mixture. The second 
highest yielding mixture, RC-CV, followed a similar trend 
but was somewhat higher in yield during the summer and fall. 
The OG-CV mixture was very uniform in production throughout 
the season. The lowest yielding mixture, TG-CV, was 
uniform in production during the spring and summer. During 
the fall it was the highest yielding mixture, again reflect-
ing the fall growth of TF. Thus, the grass species included 
in the CV-grass mixture had a profound effect on the 
seasonal distribution of production, 
Management ~ species ~ time interaction 
Mean CV-grass yield values pertaining to this 
highly significant (P < 0.01) interaction are presented 
in Table 22. It is apparent that during the spring 
period the additional spring harvest of MGT II resulted in a 
considerable reduction in the yield of the SB-CV mixture 
below that of MGT I, This was largely a result of the 
reduction in SB yield. However, during the fall period 
the additional harvest under MGT II had very little 
effect on the yield of the SB-CV mixture, For the RC-CV 
mixture, the reduction in yield caused by the more frequent 
defoliation of MGT II was essentially the same during both 
periods. The yield of the OG-CV mixture was reduced the 
least by more frequent clipping, with fall defoliation 
Table 22. Mean crownvetch (CV)-grass yield occurring within four time-periods for 
various management and species combinations (MT/ha) 
Time period 
1 (-6/13) 2 (6/14-7/19) 3 (7/20-8/15) 4 ( 8/16-10/16) 
MGT Species 
Yield a % Yield % Yield % Yield % 
I RC-CV 3.27 43.1 1.34 17.8 0.85 11.7 1.98 27.5 
TF-CV 1.86 32.5 0,84 14.5 0.74 12.8 2.41 40.2 
OG-CV 1.76 30.5 1.11 19.2 0.94 16.6 1.93 33.7 
SB-CV 5.62 65.6 0.96 11.3 0.75 8,8 1,20 14.3 
II RC-CV 2.52 43.7 1.30 22.8 0.84 15.0 1.01 18.5 
TF-CV 1.49 33.9 0.88 18.6 0,70 15.7 1.47 31.9 
OG-CV 1,66 33.2 1.14 19.0 0,76 13.1 o.98 16.3 
a LSD values are 0.20 and 0.26 MT/ha for the 0.05 and 0.01 levels, respective!~ 
\() 
1-' 
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having a greater effect than spring defoliation. Yield 
of TF-CV was also reduced more by frequent defoliation 
in the fall. Thus, more frequent defoliation during the 
peak growth period of the grass resulted in a larger 
reduction in yield of the mixture than if it occurred 
at a time of less active growth. 
Nitrogen~ species~~ interaction 
Mean CV-grass yield values relating to this significant 
( P < 0.01) interaction are presented in Table 23. The 
CV-grass mixtures studied differed in their response to 
N. For the RC-CV and OG-CV mixtures, a relatively 
large response to both spring- and late summer-applied N 
resulted, in comparison to the other mixtures. The TF-CV 
mixture showed very little response to the spring-
applied N, however, it produced the largest response 
to late summer-applied N, Spring-applied N did not 
increase the yield of the SB-CV mixture, however it 
responded markedly to the late summer-applied N. Since 
SB produces most of its yield in the spring, it is not 
clear why this mixture did not respond to spring-applied 
N. The SB-CV mixture did show some response to spring-
applied N during the second period (6/14-7/19). 
Apparently, under the conditions of this experiment, N 
was not the factor limiting SB growth during the first 
period. All the mixtures studied responded to the 
Table 23. r·r.ean crownvetch ( CV) -grass yields and percent of total yield occurring 
within four time periods for various nitrogen (N) and species combina-
tions 
N treatments (kg/ha) 
Spring-applied (4/13/72) Late summer-applied (4/13/72) 
Time Spe- 0 67 134 67 134 269 
period cies 
Yielda % Yield % Yield % Yield % Yield % Yield % 
1 RC-CV 2.59 44.9 3.71 49.8 3.88 54.2 2.42 36.7 2.47 38.3 2.29 36.5 
TF-CV 1.61 41.9 2.01 40.1 2,00 34.3 1.64 32.6 1.42 25.6 1.37 24.5 
OG-CV 1,48 34.6 2.19 41.2 2.43 38.4 1.29 26.0 1.34 24.2 1. 52 26.7 
SB-CV 4.53 65.6 4.65 62.5 4.38 59.5 4.48 58.6 4.00 55.1 3.84 50.2 
'[) 
2 RC-CV 1,21 20.7 1.65 22,6 1.67 23.4 1.19 20,2 1.05 16.7 1.15 18.3 \.....) 
TF-CV 0,62 15.6 1,06 21.1 1,63 27.5 0,66 13.0 0,66 12.1 0.51 9.7 
OG-CV 0,84 19.2 1.50 28.0 2.05 32.5 0,76 15.5 0,84 15.5 0,78 13.7 
SB-CV 0,94 14.9 1.21 17.2 1.49 20,8 0.75 11.4 0.93 12.9 0.99 13.7 
3 RC-CV 0.92 16.1 0.89 12,0 0.70 9.8 0.95 15.9 0.73 11.9 0,88 14.3 
TF-CV 0,70 17.9 0,76 1.52 0,94 15.9 0.62 12.5 0.71 12.7 0,62 11.5 
OG-CV 0.98 22.1 0,89 16.8 1,11 17.0 0.73 15.0 0.84 15.3 0.73 13,0 
SB-CV 0.76 11.8 0.89 13.3 0.87 11.8 0,64 9.8 0,68 9.6 0.69 9.4 
4 RC-CV 1.11 18.3 1.18 15.6 0.95 12.6 1.72 27.3 2.09 33,0 1,92 31.0 
TF-CV 0.99 24.6 1,22 23.6 1.36 22.2 2.13 41.9 2.82 49.7 3.11 54.4 
OG-CV 1.11 24.1 0.74 14.0 0.79 12.1 2,18 43.4 2.48 45.0 2.64 46,6 
SB-CV 0,50 7.8 0.50 7.0 0,60 7.9 1.41 20.2 1.60 22.3 1.94 26.6 
a Yield of the crownvetch (CV)-grass mixture in MT/ha. 
LSD values are 0.35 and 0,46 MT/ha for the 0,05 and 0.01. levels, respectively. 
late summer-applied N, whereas only the RC-CV and 
OG-CV mixtures showed a marked response to spring-applied 
N. 
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GENERAL DISCUSSION 
The CV-grass mixtures studied were seeded on May 6, 
1971 and allowed to establish during the first season. 
The various management and N treatments were applied in 
1972, and data on yield ~1d botanical composition were 
collected. Data presented here pertain to the first year 
in which the treatments were applied. Effects of these 
treatments should become more obvious in subsequent 
years as carbohydrate reserves, subsequent vigor of the 
various species, as well as other factors, manifest 
themselves by changes in botanical composition of the 
mixtures. The effect of late summer-applied N can not 
be entirely evaluated until the carry-over effect in the 
following spring is also considered, especially for the 
134 and 269 kg/ha rates. 
Total Yield 
Total yield pertains to the total weed-free DM yield of 
the CV-grass mixture during the 1972 growing season. 
The more frequent defoliation of MGT II resulted 
in a significant (P < 0.01) reduction in yield. Mean 
yields for MGT I and MGT II were 6.89 and 5.28 MT/ha, 
respectively, These results are in agreement with those 
of Newman and Smith (1972). They reported that the yield 
and persistence of grass in a mixture is favored by 
harvesting at a mature stage of development and long 
recovery periods between successive harvests. The yield of 
CV is also reduced by more frequent defoliation. Seim 
(1966) found that CV in a pure stand yielded the most with 
only two harvests per year. In a mixture where the legume 
is competing for light with the grass component the situa-
tion may be different, especially when N is applied to 
the mixture, 
The application of N·significantly (P < 0,01) 
increased the total yield of the CV-grass mixtures studied, 
There was no significant difference between the yield 
increase obtained from spring--and late summer-applied N, 
although the trend indicated a slightly higher yield for 
the spring-applied N. Above normal precipitation and 
cool temperatures during the 1972 growing season favored 
a response to late summer-applied N, Average yield 
responses obtained ranged from 0,67 MT/ha for 67 kg/ha of 
late summer-applied N to 1,49 MT/ha for 120 kg/ha of 
spring-applied N, The yield response to N was probably 
not large enough to be of economic importance, however 
its effect on the seasonal distribution of yield and 
thereby an implied extension of fall grazing must be 
taken into consideration. 
Average total yields for the TF-CV, OG-CV, RC-CV, 
and SB-CV mixtures were 5.19, 5.38, 6.56, and 7.21 MT/ha, 
respectivelY. Yields of SB-CV were significantly (P -< 0,01) 
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more than for any of the other three mixtures. This was 
largely due to the high yield of SB. Also, RC-CV yielded 
more than the OG-CV and TF-CV mixtures. Because RC is 
relatively slow in establishing it probably will be more 
productive in relation to the other grasses once it is 
well established. The TF-CV and OG-CV mixtures did not 
differ significantly in total yield and were lower 
yielding than the other two mixtures. Both TF and OG 
appeared to have sustained some winter injury and were 
slow developing during the spring. 
The four mixtures responded differently to the 
increased defoliation frequency of MGT II. Yield reductions 
of the mixtures caused by the additional spring and fall 
harvests of MGT II ranked in the following order: SB-CV > 
RC-CV > TF-CV > OG-CV. These results are in agreement 
with those reported by Newman and Smith (1972). They 
reported that OG had a rapid regrowth rate, and that the 
initiation .of new basal buds and shoot elongation overlap. 
In SB, however, new basal buds are not initiated prior 
to anthesis and removal of the shoot apex before the 
initiation of new basal buds, therefore, can result in 
a large reduction in vigor and stand. 
Botanical Composition 
T\•,ro methods of determining botanical composition 
were used. Three estimators made independent estimates 
of the percent CV in the standing forage of each plot 
prior to each harvest. The average of these three 
estimates was used in determining CV yield. Hand separa-
tions were also made on samples from two replications of 
the RC-CV and SB-CV mixtures. These were used for verifica-
tion of the visual estimates. 
There was a significant (P < 0.05) management by 
species by method interaction. Under MGT I, the CV yield 
in the RC-CV mixture was significantly (P < 0.01) over-
estimated, when compared to the hand separation results, 
whereas there was no significant difference between the 
CV yield determined by the two methods for the SB-CV 
mixture. Under the more frequent defoliation of MGT II, 
however, there was no significant difference between the 
~Ho methods for either of the mixtures. Thus, it appears 
that under more frequent defoliation, where the different 
species are maintained at a more uniform height, visual 
estimation may be a reliable and efficient method of 
determining the botanical composition of a simple mixture, 
especially if large differences are present and relative 
values are the primary interest. Since estimates were 
taken prior to each harvest the larger number of estimates 
used to determine the CV yield under MGT II may have also 
contributed to making the results obtained for this manage-
ment more reliable. The value of visual estimation may 
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be limited when mixtures containing different species are 
to be compared under a defoliation frequency that allows 
large differences in height and growth habit to manifest 
themselves. 
Yields of CV determined by visual estimation were 
1,50, 1,16, 1.12, and 0.8~ MT/ha for the TF-CV, OG-CV, 
RC-CV, and SB-CV mixtures, respectively, Generally, 
the CV yield declined as it was grown in association 
with increasingly higher yielding grasses. However, it 
appears that the growth characteristics and seasonal 
distribution of production of the associated grass had 
an influence on CV yield. The CV yield was significantly 
(P < 0,01) higher in the TF-CV mixture than for the other 
three mixtures, Since TF produces a large portion of 
its yield in the fall, during a period of declining yield 
and dormancy for CV, it may not be as competitive toward 
CV growth. Conversely, SB which produced most of its 
yield in the spring was very competitive toward CV, The 
CV yield in the SB-CV mixture was significantly lower than 
for the other three mixtures. The RC-CV mixture yielded 
significantly (P < 0,01) more than the OG-CV mixture, but 
the two mixtures did not differ significantly in CV yield. 
Because RC was slow in establishment, it had spread very 
little laterally from the row in which it was seeded, 
whereas OG tillered profusely, In addition, RC grew 
more erectly than OG. Therefore, even though RC yielded 
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more than OG it was not any more competitive toward CV 
than OG. 
The CV yield in the SB-CV mixture was significantly 
(P < 0,01) increased by the more frequent defoliation of 
MGT II, whereas the CV yield in the other three mixtures 
was not significantly affected. The additional defoliations 
during the spring and fall under MGT II resulted in a 
considerable reduction in the yield of SB, making conditions 
more favorable for CV growth, Therefore, the yield of 
CV did not differ significantly from that of the other mix-
tures under MGT II. The lack of an increase in CV yield 
under more frequent defoliation is contrary to results reported 
by Blake, Chamblee, and Woodhouse (1966) and Ward et al. 
(1966). They found that management practices which pre-
vented the grass from forming a dense canopy favored clover 
growth in OG-•Ladino• clover mixtures. Apparently the 
increase in defoliation frequency of MGT II limited CV 
growth as much as competition from the grass under MGT I. 
No significant differences between the various N 
treatments were detected by visual estimation, However, 
the hand separation data indicated that the CV yield in 
the SB-CV mixture was significantly (P < 0.05) increased 
by late su~~er-applied N, Apparently the competition 
from SB was so severe that CV top and root growth were 
extremely limited. Consequently, when SB production 
declined and conditions became favorable for CV growth, 
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it was not able to fix suffici.ent N, and therefore showed 
a response to late summer-applied N, 
Seasonal Distribution of Total Yield 
The grass species grown in association with CV had a 
profound effect on the seasonal distribution of production. 
The highest yielding mixture, SB-CV, was most productive 
during the spring, because of the high spring yield of SB. 
Production of the SB-CV mixture dropped sharply during the 
remainder of the growing season and by fall was the lowest 
yielding mixture, The second highest yielding mixture, 
RC-CV, followed a similar trend but was somewhat higher 
yielding during the summer and fall. The OG-CV mixture 
was fairly uniform in production throughout the growing 
season, The lowest yielding mixture, TF-CV, was low in 
production during the spring and summer, however, during 
the fall it was the highest yielding mixture due to the 
fall growth of TF. 
Increasing the defoliation frequency during the peak 
growth period of the grass resulted in larger reductions in 
yield than increasing defoliation at a time of less active 
crass growth. The additional spring harvest of MGT II had 
no significant reduction in mid-summer yield of the mixtures, 
In the spring the yields obtained under the more fre-
quent defoliation of MGT II were not increased above those 
of the no N treatment of MGT I by spring-applied N up to 
120 kg/ha. However, late summer-applied N at the rates 
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of 67, 134, and 269 kg/ha increased the yield obtained 
under MGT II above that of the no N treatment of MGT I. 
The more frequent defoliation of MGT II was generally not 
as detrimental to grass growth during the fall of the year, 
except for TF, which produced a large portion of its growth 
during the fall. 
The CV-grass mixtures studied differed markedly in 
their response to N, In comparison to the other mixtures, 
RC-CV amd OG-CV showed a relatively large response to both 
spring- and late summer-applied N. The SB-CV mixture showed 
little response to the spring-applied N, whereas it responded 
markedly to the late summer-applied N. Since SB produces 
a majority of its yield in the spring, it is not clear why 
it did not respond to spring-applied N. The TF-CV mixture 
showed very little response to spring-applied N, however, it 
produced the largest response to late summer-applied N. Only 
the RC-CV and OG-CV mixtures showed a marked response to 
spring-applied N, but all the mixtures studied responded to 
late summer-applied N. Late summer-applied N also resulted 
in a more uniform seasonal distribution of yield. Although 
the response to N was not large, the uni~rm seasonal pro-
duction and extended fall grazing are important factors 
contributin~ to efficient forage utilization. 
The value of CV-grass mixtures for forage production 
and grazing will depend largely on the persistence of CV in 
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the mixture. Research relating to the performance of these 
mixtures in subsequent years will be necessary to answer 
this question. 
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SUMMARY 
The effects of two harvest managements and six nitrogen 
(N) treatments on the yield, seasonal distribution of yield, 
and botanical composition of four crownvetch (CV)-grass 
mixtures were studied at the Western Iowa Experimental Farm 
near Castana, Iowa. The two managements were a simulated 
pasture plus reserve (4 harvests) and a simulated continuous, 
controlled grazing (6 harvests), referred to as MGT I and 
MGT II, respectively. The six N treatments consisted of a 
no N, two rates of spring-applied (4/13/72) N, and three 
rates of late summer-applied (8/15/72) N, Cool-season grasses 
studied were reed canarygrass (RC), tall fescue (TF), orchard-
grass (OG), and smooth bromegrass (SB). Each was grown indi-
vidually with CV, All yields reported are on a weed-free dry 
matter (DM) basis. 
The more frequent defoliation of MGT II caused a sig-
nificant (P < 0,01) reduction in the total yield of each 
mixture, Mean yields for MGT I and MGT II were 6.89 and 
5.28 MT/ha, respectively, 
The mean total yield of the CV-grass mixtures studied 
was significantly (P < 0,01) increased by the application 
of fertilizer N, Average yield responses ranged from 0,67 
MT/ha for 67 kg/ha of late summer-applied N to 1. 49 MT/ha 
for 134 kg/ha of spring-applied N. Although the response 
to N was not larr,e, its effects on the seasonal distribution 
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of production were of significance. 
Mean total yields for the TF-CV, OG-CV, RC-CV, and SB - CV 
mixtures were 5.19, 5.38, 6.56, and 7.21 MT/ha, respectively, 
The SB-CV mixture yielded significantly (P < 0,01) more 
than any of the other mixtures studied, This was largely 
a result of the high yield of SB, The RC-CV mixture yielded 
more than the OG-CV and TF-CV mixtures. Both OG and TF 
appeared to have sustained some winter injury and were slow 
in developing, These two mixtures were significantly 
(P < 0.01) lower yielding than the RC-CV and SB-CV mixtures. 
The four mixtures responded differently to the increased 
defoliation of MGT II, Yield reductions of the mixtures 
caused by the additional spring and fall harvests of MGT II 
ranked in the following ordera SB-CV > RC-CV > TF-CV > OG-CV, 
Two methods of determining botanical composition were 
used, Visual estimates of the percent CV in the standing 
forage were made by three estimators prior to each harvest. 
Hand separations were also made on samples from two 
replications of the RC-CV and SB-CV mixtures for comparison 
with the visual estimates. There was a significant (P < 0,05) 
management by species by method of estimation interaction, 
The CV yield in the RC-CV mixture for MGT I was signifi-
cantly (P < 0,01) overestimated in comparison to the hand 
separation results, whereas there was no significant 
difference between the CV yield determined by the two methods 
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for the SB-CV mixture. Under the more frequent defoliation 
of MGT II, however, there was no significant difference 
between the CV yield determined by the two methods for either 
of the mixtures. Thus, visual estimation appears to be a 
reliable and efficient method gf determining the botanical 
composition of a simple mixture which is harvested frequently, 
especially if _large differences are present and relative 
values are the primary interest. 
The more frequent defoliation of MGT II significantly 
(P < 0,01) increased the CV yield in the SB-CV mixture, 
whereas the CV yield in the other three mixtures was not 
significantly affected. Additional spring and fall 
defoliation under MGT II resulted in a considerable 
reduction in the yield of SB, making conditions more 
favorable for CV growth, 
No significant differences in CV yield among the 
various N treatments were detected by visual estimation, 
However, the hand separation data indicated that the CV 
yield in the SB-CV mixture was significantly (P < 0,05) 
increased by 269 kg/ha of late summer-applied N, 
Yields of CV determined by visual estimation were 
1,50, 1,16, 1.12, and 0,84 MT/ha for the TF-CV, OG-CV, 
RC-CV, and SB-CV mixtures, respectively, Generally, the 
CV yield declined as it was grown in association with 
increasingly higher yielding grasses. The TF-CV mixture 
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yielded significantly (P < 0.01) more CV than any of the 
other three mixtures. Since TF produces a large portion of 
its yield in the fall, during a period of declining yield 
and dormancy for CV, it probably is not as competitive 
toward CV. Conversely, SB, which is most productive in 
the spring, was very competitive toward CV. The mean yield 
of CV in the SB-CV mixture was significantly (P < 0,01) 
lower than for any of the other mixtures. The RC-CV 
mixture yielded significantly (P < 0,01) more than the 
OG-CV mixture, but the two mixtures did not differ 
significantly in CV yield. The slower establishment and 
more erect growth of RC allowed more light to reach CV 
in the RC-CV mixture than in the OG-CV mixture. 
Increasing the frequency of defoliation during the 
peak growth period of the grass generally resulted in 
larger reductions in yield than if defoliation frequency 
was increased during a period of less active grass growth. 
The additional spring harvest of MGT II did not significantly 
affect the subsequent mid-summer yield of the mixtures. 
The CV-grass mixtures studied differed markedly in 
their response to N. In comparison to the other mixtures, 
RC-CV and OG-CV showed a relatively large response to 
both spring- and late summer-applied N. Neither the 
SB-CV nor the TF-CV mixture showed much response to spring-
applied N, whereas they responded markedly to late summer-
applied N. The TF-CV mixture was most responsive to late 
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summer-applied N. Since SB produces a majority of its yield 
in the spring, it is not clear why it showed only a limited 
response to spring-applied N. 
Late summer-applied N resulted in a more uniform 
seasonal distribution of yield, This effect of N on 
uniform seasonal production and extended fall grazing are 
important factors contributing to efficient forage utiliza-
tion. 
The seasonal distribution of production was affected 
markedly by the grass species grown in association with CV. 
The highest yielding mixture, SB-CV, was most productive 
during the spring, and production dropped sharply during 
the remainder of the growing season. The second highest 
yielding mixture, RC-CV, followed a similar trend but 
was somewhat higher yielding during the summer and fall. 
Although the total yield of the OG-CV and TF-CV mixtures were 
not significantly different, their seasonal distribution of 
yield was dissimilar, The OG-CV mixture was fairly uniform 
in production throughout the growing season, whereas the 
TF-CV mixture was relatively low in production during the 
spring and summer months, but was the highest yielding 
mixture during the fall due to the fall growth of TF. 
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